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Summary U) 
Four isolates of Metarhizum anisopliae referred to as Ma-1, Ma-2, Ma-3 
and Ma-4; three isolates of Beauveria bassiana as Bb-1, Bb-2 and Bb-3 
and one of Beauveria brongniartii as Bbr-1 obtained from dead grubs 
were identified and investigated for their morphological, cultural and 
pathogenic variabilities against white grubs (Holotrichia consanguinea and 
Maladera insanablis). 
Metarhizum isolates exhibited higher conidial germination in 5 per cent 
sucrose solution as compared to 2 per cent sucrose and distilled water 
and vice-versa in case of B. bassiana isolates. In B. brongniartii, 
germination of conidia was almost the same in sucrose solutions and 
distilled water. Effect of different liquid and solid/agar media was studied 
on growth and sporulation of all the isolates. Response of different liquid 
media varied from isolate to isolate. In general, Richards', Sabouraud's 
and molasses yeast broth media were found better for growth of most 
isolates. However, for spore production, Sabouraud's and molasses yeast 
for Metarhizium and molasses yeast for Beauveria spp. were found out 
standing. In agar media also, higher sporulation was obtained on 
Sabouraud's and molasses yeast agar. Amongst the whole grain media, 
pearl millet, sorghum and maize grain media provided better sporulation 
in M. anisopliae, while cowpea and chickpea grain media showed 
superiority for sporulation in B. bassiana and B. brongniartii. 
Summary (11) 
In general, temperatures of 28, 25 and 22°C were found optimum for 
sporulation in M. anisopliae, B. bassiana and B. brongniartii, in vitro, 
respectively. However, growth of M. anisopliae was apparent even at 35 
and 40 °C. 
A RH level of 53 per cent maintained in desiccator had provided 
maximum growth on to Czapek's agar medium, whereas, pH levels of 6 
and 6.5 in molasses yeast broth were found most favorable for growth 
and sporulation for almost all the fungal isolates. 
-On the basis of pathogenic ability, three most virulent entomopathogenic 
isolates, one each form M. anisopliae, B. bassiana and B. brongniartii 
which were referred to as Ma-4, Bb-3 and Bbr-1, respectively were 
distinguished. They took 4-7 and 3-8 days in causing 100 per cent grub 
mortality in H. consanguinea and M. insanabilis, respectively, using a 
standard laboratory technique. These isolates were further investigated 
for their bioactivity against two whitegrub species using different methods 
of inoculation. Their compatibility with commonly used chemical 
pesticides and interaction with certain soil fungi were also studied. 
Compatibility of all the three virulent isolates (Ma-4, Bb-3 and Bbr-1) 
tested against six fungicides and five insecticides revealed that Blitox -50 
(Copperoxychloride) and Azadirachtin (0.3% EC) were highly tolerant to 
Ma-4 and Bbr-1, whereas kavach, dithane M-45, ridomil, monocrotophos 
and chlorpyriphos were compatible only at lower concentrations, in vitro. 
• • • 
Summary (1*1) 
Bavistin (Cabendazim) proved inhibitory to all the pathogens. B. bassiana 
showed comparatively less resistance to various pesticides. 
Interaction of three entomopathogenic fungi with eight soil fungi, each 
independently in dual culture revealed that Penicillium sp. was a strong 
antagonist followed by Trichoderma viride and Rhizoctonia bataticola, 
suppressing the growth of all the test pathogens by 32-78 per cent. 
Aspergillus niger behaved as strong antagonist to Bb-3 only. On the 
contrary, some soil fungi (Fusarium spp.) were also antagonized 
(inhibited) by Ma-4 and Bbr-1. Bb-3, however could not affect the growth 
of soil fungi. Antagonism between three entomopathogens was also 
noted. Ma-4 suppressed the growth of Bbr-1 and Bb-3, while the growth 
of Bb-3 was also affected by Bbr-1 in dual culture. 
Ma-4, Bb-3 and Bbr-1 were mass multiplied on liquid as well as on solid 
(grain) media. Molasses yeast broth was selected as a liquid medium for 
all the three pathogens whereas, crushed maize grains for Ma-4 and 
cowpea whole grains for Bb-3 and Bbr-1 were used as solid media. After 
25 days of incubation, fungal biomass were harvested from their 
respective media, incorporated into talc powder (carrier) and formulations 
containing 4-5x108 conidia g'1 were prepared. On grain medium, rate of 
conidia production (Ma-4) was high (2x109 g"1) in mother culture as 
compared to molasses yeast broth (8x108 ml*1) medium. 
Bacillus popilliae was inoculated in the body of third instar of H. 
consanguinea grubs and after crushing the diseased grubs, spore 
Summary (iv) 
suspension of 7.5 x 108 ml*1 was obtained and then dust formulation of 
2.5x108 spores g*1 was prepared for using in bioassy experiments. 
Shelf life of the pathogens (Ma-4, Bb-3 and Bbr-1) in dust formulations 
stored at three different temperatures was determined. Ma-4 had the 
highest survival up to 180 days, followed by Bbr-1 (120 days) and Bb-3 
(90 days) when stored at room temperature (RT). However, population of 
Ma-4 and Bbr-1 declined quickly after 60 days and that of Bb-3 after 30 
days of incubation. 
Bioefficacy of Ma-4, Bb-3 and Bbr-1 was tested against beetles of H. 
consanguinea and M. insanabilis using insect as well as soil inoculation 
methods. Ma-4 and Bbr-1 took less time than the time taken by Bb-3 in 
causing 50 per cent mortality in both the whitegrub species. Insect 
inoculation method resulted rapid mortality (4.84 and 6.02 days) in 
comparison to median lethal time (LTso) by soil inoculation method (10.34 
and 16.92 days) with M. anisopliae (Ma-4). 
Susceptibility of H. consanguinea and M. insanabilis instars to all the 
three fungal pathogens (Ma-4, Bb-3 and Bbr-1), each with three different 
doses and two methods of inoculation (insect and soil) was investigated. 
The mortality period decreased with the increased inoculum dose of a 
pathogen. M. insanabilis showed high susceptibility to all the three 
pathogens, taJcing less time to kill than H. consanguinea. M. anisopliae 
and B. brongniartii showed high ifectivity against both the insects, with 
LT^s of 3.85 -7.94 and 5.19 - 6.53 days, respectively when third instar 
Summary ( V ) , 
larvae exposed directly to their highest dose (5-5.8x108 conidia ml"1). 
Whereas, the time taken to 50 per cent kill by B. bassiana was 10.41 -
14.01 days at the highest dose of 6.5x108 conidia ml'1. In soil inoculation 
method, time required to 50 per cent kill (LTso) of third instar larvae was 
almost double than that of insect inoculation method. 
Milky disease symptoms appeared in 49-61 per cent second and third 
instar larvae of both white grub species when S! popilliae inoculum 
(2.5x107 spores g"1 soil) was applied through soil. Disease symptoms did 
not developed in first instar larvae. 
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Introduction 1 
Whitegrub is one of the five pests of national importance in India and is serious 
constraints to production of kharif crops viz., groundnut, sugarcane, pearlmillet, 
sorghum, cowpea, pigeonpea, green gram, clusterbean, chilli, tea and coffee. 
The crop which suffers maximum damage is groundnut. In endemic areas, the 
damage to groundnut ranged from 20 to 100 per cent. In groundnut, the 
presence of one grub rfi2 may cause mortality of 80 -100 per cent plants. The 
crops with tap root system suffer more as compared to those with adventitious 
root system. The damage to root starts in the early first instar stage but the 
maximum damage occurs when the grubs are in the third instar (Yadava, 
1992). There are several whitegrub species which are major pests in India but 
Holotrichia consanguinea Blanch, and Maladera insanabilis Brenske are the key 
whitegrub species in the northern parts of the country, especially in Rajasthan. 
A brief description of these species is given as below. 
H. consanguinea Blanch finds loose, sandy well drained soil to be quite suitable 
for its survival and multiplication. The beetles of this pest emerge from the soil 
during dusk after good premonsoon or monsoon rain in mid-May or later. They 
are polyphagous and may feed on the foliage of a wide variety of host trees viz. 
ber, neem, gular, jamun, sainjana and bushes found in the close vicinity of 
cultivated fields. The average duration of first, second and third instar grub is 
16, 32 and 49.5 days, respectively. Total grub duration ranged from 82-113 
days. All the grubs pupate by the beginning of November. The average pupal 
period is 14.2 days. The beetles remain in the soil in inactive state upto middle 
of May and at a depth of about one metre. The average duration of one life 
cycle is 122 days and there is only one generation in a year (Yadava, 1981). 
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Maladera insanabilis Brenske: The adults emerge twice in a year, first prior to 
rains (middle of March to May) and again with rains (middle ot June to the end 
of August). The mated females lay 2-5 eggs at the depth of 1.5 - 5.0 cm in the 
soil. They prefer to lay eggs in cropped field in moist, loose soil, near the root 
zone. Newly hatched grubs are milky white in colour. The average duration of 
first, second and thud instar grub is 13, 31 and 20-30 for first generation, while 
13, 31 and 182 days respectively for second generation. The full grown grubs 
constructs an earthen cell in the soil and pupates. The pupal period ranged 
from 5-10 days (Yadava, 1981). 
The intensity of damage by these pests is severe and needs immediate 
attention for their effective control. For managing the population of whitegrub, 
application of various insecticides like phorate and chlorpyriphos have been in 
practice (Yadava, 1995). Further, several recommended pesticides are 
gradually being withdrawn from the market because they were very expensive, 
create pollution, health hazard resistance in the target pests, and causes harm 
to non-target organisms. Apart from chemical control measures, there was a 
steady increased interest in the use of natural antagonists including disease 
causing agents for the control or suppression of harmful insects. This refers to 
insect pathogenic or emtomopathogenic fungi (Zimmermann, 1986). 
In view of great losses of economically important field crops due to whitegrub 
and hazardous effect of pesticides, it is imperative that studies on management 
aspects other than chemical control be undertaken. To prevent the adverse 
effects on the ecosystem, strong research efforts towards the use of biocontrol 
agents in the management of whitegrub, is a need of 21st century. Fungi have 
been recognized as disease causing agents in insects for over 150 years and, 
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currently over 700 species of entomopathogenic fungi have been described 
(Soper and Ward, 1981). First practical attempt to utilize fungi, Metarhizium 
anisopliae was made by Metschnikoff (1879) against the wheatchafer, Anisoplia 
austriaca, in Russia. Fungi with entomopathogenic properties are distributed 
nearly worldwide. Presently, about 100 genera with several hundreds of species 
are known. Despite this great number only, about 20 species were studied 
intensively during recent years. The important ones belonging to 
Deuteromycetes group are - Metarhizium anisopliae, Beauveria bassiana, 
Beauveria brongniartii, Paecilomyces fumoso-roseus, Verticillium lecanii, 
Nomuraea rileyi, Hirsutella thompsonii, Tolypocladium cylindrosporum, 
Culicinomyces clavosporus. Of these, first three are important in relation to 
pathogenesis in soil dwelling insect pests. 
Apart from the fungal pathogens, Bacillus popilliae is an important bacterial 
pathogen against whitegrubs. It causes milky disease in infected insects. It was 
first noted in Popillia japonica in the eastern U.S.A. (Fleming, 1968). Bacillus 
popilliae is an obligate parasite, which can be maintained either in the body of 
insect or in the form of dry blood smears on slides. Whereas, 
entomopathogenic fungi {Metarhizium and Beauveria spp.) can easily be 
maintained on artificial culture media. 
The scanning of literature revealed that very fragmentary work had been carried 
out in controlling whitegrubs {Holotrichia consanguinea and Maladera 
insanabilis) using biocontrol agents. In the present investigation pathogenic 
microorganisms including and fungi {Metarhizium anisopliae, Beauveria 
bassiana and Beauveria brongniartii) and bacteria {Bacillus popilliae) have been 
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studied as whitegrub management tools in semi-arid conditions of Rajasthan 
with the following objectives 
1. To find out most effective strains/isolates of Metarhizium and Beauveria 
spp. 
2. To determine the basic requirements (nutritional and ecological) of the 
entomopathogenic fungi viz., Metarhizium and Beauveria isolates and 
their interactions with other soil fungi. 
3. To study the compatibility of pathogenic fungi with various pesticides in 
order to use them under Integrated Pest Management (IPM) system. 
4. To Test the virulence of entomopathogens (Metarhizium and Beauveria 
spp.) against whitegrubs, Holotrichia consanguinea and Maladera 
insanabilis, using different methods of inoculation. 
5. To standardize the technique for mass multiplication of the entomofungi 
and their formulation. 
6. To evaluate the survival of formulated pathogens under storage 
conditions. 
lEYlEtf f7/ 
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ENTOMOFUNGAL PATHOGENS 
For the first time, Agostino Bassi had elucidated the etiology of a contagious 
fungal disease in silkworms in 1835. But idea to use fungi as biological control 
agents came some 50 years later. In autumn 1878, Elias Metschnikoff 
observed a disease of the southern cereal chafer, Anisoplia austriaca caused 
by a fungus which he first called Entomophthora anisopliae and then Isaria 
destructor green muscardine. These were synonyms for the species which 
Sorokin subsequently named Metarhizium anisopliae. The first infection studies 
performed by Metschnikoff in 1879 on Anisoplia grubs and on the beet root 
weevil {Cleonus punctiventris) led to positive results (Zimmermannn, 1992). 
These early experiments and the successful field studies with Metarhizium 
anisopliae carried out by Krassilstruchic against the beet root weevil between 
1884 and 1888 marked the beginning of microbiological control of insects 
(Steinhaus, 1956). 
Fungi with entomopathogenic properties are distributed nearly worldwise. 
Presently, about 100 genera with several hundreds of species are known. 
Despite this great number only about 20 species were studied intensively during 
recent years. Classification and description of the most relevant genera and 
species were reviewed in several publications (Burges, 1981; Brady, 1981; Hall 
and Pepierok, 1982; Ferron, 1985; Zimmermannn, 1986). 
Successful microbial control programmes of scarabaeid pests that have led to 
development and application of commercial products and/or wide scale use of 
the entomopathogens are listed by Jackson, T.A. (1996). 
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Microorganism 
Bacillus popilliae 
Oryctes bacculovirus 
Beauveria brongniartii 
Serratia entomophilla 
Metarhizium anisopliae 
Beauveria brongniartii 
Target 
Popilliae japonica 
Oryctes rhinoceros 
Melolontha melolontha 
Costelytra zealandica 
Adoryphorus couloni 
Hoplochelus marginalis 
Product 
Doom 
-
-
Invade 
Biogreen 
Betel 
Reference 
Klein 1992 
Bedford 1981 
Keller et al. 
1989. 
Jackson 
1994 
Rath ef al. 
1995 
Vercambre et 
al., 1994 
Entomogenous fungi fall into four general groups the Oomycetes, the 
Zygomycetes (Entomophthorales), the Chytridiomycetes (Coelomomyces) and 
the Deuteromycetes. The first three groups tend to be specialized pathogens 
with narrow host range and fastidious nutritional need. The 
Coelomomycetaceae in addition require an intermediate host for survival in 
nature. The Deuteromycetes (fungi Imperfecti) on the other hand, are much 
broader in their host spectra and are able to grow and sporulate on more 
generalised media. Many species have a large host range and are pathogenic 
to different orders of insects, such as Lepidoptera, Coleoptera or Hemiptera. 
Others, however, are restricted to special host groups e.g. Nomuraea releyi to 
lepidoptera or Aschersonia spp. to scales and whiteflies. The best known fungi 
in this group are Metarhizium anisopliae and Beauveria bassiana which, 
together with other Deuteromycetes have great potential in biological pest 
control. 
Metarhizium anisopliae (Metschnikoff) Sorokin: This species is commonly 
called 'green muscardine' because of the green colour of the sporulated 
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mycelium on cadavers. The biology of this species is very similar to that of 
Beauveria (Steinhaus, 1949; Ferron, 1981). This is a rather successful and 
promising fungal pathogen for microbial control of various pest insects. In 
Brazil, it was used against a number of pasture and sugarcane insects such as 
spittle bugs, Mahanarva posticata or Cercopidae (Ferron, 1981). The product 
named "METAQUINO" is used on thousands of hectares in several districts. 
Furthermore, M. anisopliae has been used successfully for several years to 
control the coconut palm rhinoceros beetle, Oryctes rhinoceros, a major pest of 
palm in many pacific islands and SE asian countries. 
Recently, M. anisopliae has gained considerable attention as a potential control 
agent for different soil inhabiting insects such as pasture cockchafer, Aphodius 
tasmaniae in Australia (Coles and Pinnock, 1982); Tasmanian scarab, 
Adoryphorus couloni (Rath, 1992), the pecan weevil Curculio caryae in USA 
(Gottwald and Tedders, 1983) or the black vine weevil, Otiorhynchus sulcatus 
in Europe (Zimmermann, 1982, 1984). It has also been used against termites 
{Nasutitermes exitiosus) in Australia (Hanel and Watson, 1983). Conidia 
cylindrical, slightly narrower in the middle, usually truncate at both ends 
measuring 3.5 - 9.0 um Colony many shades of green. 
Beauveria bassiana (Balsamo) Vuillemin: Over 200 species of insects 
belonging to nine orders of these, mainly Lepidoptera and Coleoptera, have 
been recorded as host of B. bassiana (Li, 1988). The fungus has also been 
recorded on cereal aphids (Feng ef a/., 1991; Feng and Johnson, 1990) hop 
aphids (Dorschner ef a/., 1991) and grasshopper (Khachatourians, 1992). 
Despite this wide host range, epizootics caused by B. bassiana in insect 
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population in nature occur infrequently. Insects that succumbed to Beauveria 
have a dusty white appearance, giving rise to the names 'white muscardine'. 
The infectious unit is a conidium which germinates on an insect cuticle. The 
germ tube developing from the conidia penetrates the host cuticle by means of 
mechanical pressure and a mixture of enzymes. Once the haemocoel is 
invaded, the fungus spreads through the insect as mycelium or as free 
blastspores and the host is killed within 5-7 days after infection (Steinhaus, 
1949 ). A successful infection by B. bassiana is dependent on various 
enzymatic activities for degradation of proteins, chitin and lipids in the insect 
integument (Khachatourians, 1991). 
Apart from this, B. bassiana may also infect insects per os particularly insects 
with chewing mouthparts e.g. Colorado potato beetle, Lepitinotarsa 
decemlineata (Allee et a/., 1990). In addition to the lethal effect, it also 
influenced the fecundity and egg fertility in adult Colorado beetles, surviving 
larval infection (Fargues et al., 1991) and egg development of rice plant 
hoppers and leaf hoppers (Zhang and Huang, 1988). Conidia nearly globose, < 
3.5 jjm dia conidiogenous cells extending apically into sympodial rachis. 
Rachis denticulate with one conidium. 
Beauveria brongniartii (Saccardo) Petch [= B. tenella and B. densa] . This 
species is closely related to S. bassiana, has been intensively studied by 
French workers for the control of cockchafer, Melolontha melolontha (Ferron, 
1978 ; Keller, 1983). This fungus is more host specific than B. bassiana and its 
blastospore formation is more easily induced in liquid culture. These spores are 
neither as infectious nor as persistent in environment as are the conidia. It 
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caused 8.6 - 50.0 per cent mortality in the population of whitegrubs, mainly 
Holotrichia parallels Motschulsky and H. obita (Faldermann), in bean fields in 
south western Shandog in 1984 (Lin et a/., 1988). Conidia long, ovoid to 
cylindrical, 2.5 - 4.5 cm long mostly on scarabaeidae (Humber, 1994). 
NUTRITION OF ENTOMOPATHOGENIC FUNGI 
i. Liquid media 
Mass production of M. anisopliae conidia in standard nutritive medium-dextorse 
agar was developed by Mouracosta et al. (1974) in autoclavable plastic bags. 
Daoust and Roberts (1983) grown M. anisopliae on six mycological media, 
Emerson YpSs agar (YpSs); Sabouraud's dextrose agar (SDA); potato dextrose 
agar (PDA); Czapek's Dox agar (CDAY); YAA agar (YAA); egg yolk agar (EYA) 
and found that spore yield from CDAY medium was very low whereas 
maximum spores were harvested from YAA followed by SDA, YpSs, EYA and 
PDAY. According to Bastos-Cruz et al. (1987) out of 4, natural liquid culture 
media (bean broth, rice broth, potato broth and water), bean broth was the best 
for producing spores of the fungus. Pereira and Roberts (1990) investigated 
that for dry mycelium of M. anisopliae stored for 1.5 months at 4°C and then at 
room temperature for 3 months, maltose and sucrose treated preparations 
produced more conidia than preparations sprayed with dextrose solution with 
water only, or not sprayed. B. bassiana preparations dried soon after mat 
formation were superior to those incubated at 4°C and maltose and dextrose 
treated mycelia were superior to other treatments when stored at room 
temperature. Li and Holdom (1995) examined the effects of range of carbon 
and nitrogen sources and vitamins on colony formation, mycelial growth and 
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sporulation of two isolates of M. anisopliae. On a KN03 based agar medium, 
sorbose caused abnormal growth and inhibited sporulation by both isolates. All 
other carbohydrates, especially soluble starch and mannose supported growth 
and sporulation. Oxalic, sorbic and tartaric acids prevented colony formation. 
Acetic, citric and malic acids reduced growth and acetic, malic acid reduced 
sporulation. Soy peptone was much better than all simple nitrogen compound 
for growth and sporulation. L-glutamine, L-serine, L-asparagine, alanine and 
KN03 were best for growth and L-cysteine, L-aspartic acid were the worst. 
(NHu)2S04, L-lysine, L-threonine were best for sporulation of B. bassiana. 
Bidochka et at. (1987) studied the growth and development of B. bassiana in 
four liquid media viz., peptone, peptone-glucose, glucose and glucose-peptone 
yeast extract. Blastopores were produced in all liquid media except glucose. In 
peptone-glucose, the yield of blastospores was four fold higher than in 
glucose-peptone yeast extract. But, biomass production was the highest in 
glucose-peptone yeast extract. Motobayshi ef al. (1988) studied the effect of 
nutritional composition of medium and duration of culture time on conidial 
production of Sorbitol at a concentration of 1.2 per cent was the most effective 
carbon source producing maximum conidia at day 10 of incubation. Rombach 
ef al. (1988) investigated two carbohydrate sources (sucrose and maltose) and 
on nitrogen/vitamin source (yeast extract) for mycelial growth and subsequent 
conidial production. Maximum mycelial growth (12.13 mg/ml) occurred in a 
liquid culture medium cotaining sucrose (3.5% and yeast extract (3.5%) but 
maximum conidia (4.62x106 conidia/mg dry mycelium) from a maltose 
(2%)/yeast extract (0.75%) medium. It was concluded that the sucrose 
(3.5%)/yeast extract (3.5%) and the maltose (2%)/yeast extract (0.75%) media 
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produced maximum conidia per mg volume (an equivalent of 3.52 - 3.72x107 
conidia ml"1). In 1989, they further studied the production of conidia, hyphal 
bodies and mycelial fragments in liquid cultures. Maximum yield of conidia (170 
x 106 ml"1) was reported in a medium consisting of 2 per cent sucrose, 0.5 per 
cent yeast extract and basal salts and that of hyphal bodies (740x106 ml'1) in a 
medium with 2.5 per cent sucrose and 2.5 per cent yeast extract. Hegedus et 
al. (1990) found that the growth media containing N-acetyle-D glucosamine 
proved to be better for submerged conidiation of B. bassiana than yeast extract-
peptone-glucose, or glucose plus ammonium salts or N-acetyle -D-
galactosamine. 
ii) Grain media 
Moura-costa and Magalhaes (1974) used a mixture of rice flour (5%) and agar 
- agar (1%) for mass production. Daoust and Roberts (1983) grown this fungus 
on three types of rice (Brown, converted, long) to determine the effect of growth 
substrate on conidial yield. Highest conidial yield of 6,562 mg/3 bags (450 g 
rice) was harvested from converted grain followed by long (6,017 mg) and 
brown rice (4,909 mg), respectively. Frigo and Lucio-de-Azevedo (1986) 
studied the production of conidia of M. anisopliae with a complete medium and 
media containing different concentrations of rice and reported that highest 
conidia production was obtained with 60 g of rice per litre of medium. Quintela 
(1994) found that production of conidia on coarse grain was significantly greater 
than on whole grain. Substitution of whole grain with coarse grain reduced the 
cost of production by 4 times and increased the production of conidia by 30 per 
cent. 
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Alves and Pereira (1989) developed a technique for culturing B. bassiana using 
plastic trays. The fungi were inoculated in rice media in plastic bags and the 
mycelia developed were transferred to plastic trayas which were maintained at 
27°C. The average conidial production was 3% with 2.0 x 1011 conidia g'1. 
Aregger (1992) cultivated strains of B. brongniartii on whole grain of barley and 
found that the yield of conidia depended mainly on the addition of water and the 
length of inoculation. Two attempts of mass production in polyamid bags were 
carried out with a low yield of 3.24x106 conidia g'1 barley after 14 days of 
inoculation and with a high yield of 1x108 to 2x109 conidia g"1 after 24-42 days. 
Spore production and loss in viability varied between the strains. 
ECOLOGY OF ENTOMOPATHOGENIC FUNGI 
i. Temperature: 
In order to understand the behaviour of a particular organism it is necessary to 
study its physical or ecological requirements. These have marked effect on 
growth of fungi (Tauro et al., 1989). 
Tempterature is a factor which affects not only the fungus itself but also the 
target host species. A sub-optimal temperature for a pathogen may be equally 
sub-optimal for the pest insect (Hall, 1981). The mean optimum tempterature 
for fungi normally lies in between 20°C and 25°C, the maximum is about 35°C 
and the minimum about 5-10°C. They have compiled the list of temperature 
requirements of a large number of fungi. 
Spores of M. anisopliae required temperatures between 15 to 35°C for 
germination, mycelial growth and sporulation. Spores are unable to sporulate 
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at temperatures below 10°C or above 35°C. The sporulation occured in 4 days 
at 30°C. At 35°C and 10°C the time required for sporulation to commence was 
4 days and 36 days, respectively. The thermal death point was 49°C (Walstad 
et a/., 1970). Zimmermann (1982) demonstrated that the resistance of M. 
anisopliae to higher temperatures is clearly affected by the ambient 
temperatures from 40°C to about 80°C and increased with increasing 
desiccation. Studies on selection of strains with low temperature threshold 
have been reported by Soares et al. (1983). It was found that strains from 
tropical regions often had a lower temperature optimum than those from 
temperate zones. In Tasmania, where soil temperatures are often below 15°C, 
a low temperature strain is being developed for the control of the pasture pest 
Adophorous couloni. This strain is unusual in its ability to infect and kill the 
target pest at 10°C and germinates at 5°C (Milner, 1989). The effect of 
temperature of 8-37°C on the in vitro growth of 31 isolates of six entomogenous 
fungi including Metarhizium anisopliae was investigated by Fargues et al. 
* 
(1992). The most growth occurred at 25°C for 26 isolates. Upper temperature 
limits for growth varied from 28 to 37°C. The other optimum temperatures for 
growth of M. anisopliae were 27-28°C (Burges, 1981); 20-30°C (Glare and 
Jackson, 1932) and 27.50°C (Mietkiewki et al., 1994), 28°C (Sharma et al., 
1998). *• 
The optimum temperature for germination, mycelial growth and sporulation was 
25-30°C. The thermal death point for spores was 50°C. The most rapid 
sporulation occurred at 25°C, requiring 5 days. The time required for 
sporulation to commence was 8 and 15 days at 35 and 10°C, respectively. 
Whereas,the temperature between 35°C and 49°C retarded the germination 
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process (Walstad et al, 1970). The optimum temperature for growth, 
sporulation and development occurred at 20-30°C (Kuberappa and Jayaramiah, 
1987). According to Fargues et al. (1992), Mietkiewski et al. (1994) and Sharma 
et al. (1998), the most growth of B. bassiana and B. brongniartii occurred at 
25°C. 
ii. Hydrogen ion concentration (pH) 
Microorganisms are very sensitive to changes in the acidity or alkalinity (pH) of 
the surrounding medium. Whilst many pathogen show vigorous growth within a 
fairely wide range of pH (acidity or alkalinity), there were others that required 
the narrow limits (Cruickshank ef al. 1971). Galani (1987) cultivated B. 
bassiana in liquid media with initial pH ranging between 4 and 8.5. A Marked fall 
in pH occurred within 24 h with higher initial values, but thereafter, values 
generally increased during culturing in varient. Final values (after 96 h) were 
between 5 and 7. Initial pH also influenced the biomass obtained, the highest 
dry biomass values were obtained when fungi were cultured in media with initial 
pH between 6 and 8.5. 
iii. Relative humidity (RH) 
Survival of conidia was longer at the highest humidity while intermediate RH 
(ca. 45%) were lethal to M. anisopliae (Clerk and Madelin, 1965). High 
humidities were required to obtain appreciable germination of M. anisopliae. 
There was no germination at 75.5 and 85 per cent RH, but it occurred by 35.5, 
45.5 and 57.0 per cent and 92.5, 97.5 and 100 per cent RH. Amounts less than 
. t */ 
90 per cent RH prevented spore germination (Walstad, 1970). Moist conditions 
Review of literature 15 
were also necessary for sporulation. At 100 per cent RH spores developed 
within 4 days but required 5 days or longer at relative humidities of 92.5 - 98 per 
cent. Humidites below 92.5 per cent inhibited sporulation (Walstad et al., 1970). 
Daoust and Roberts (1983) also found that conidia of M. anisopliae survived 
longest when moderate temperature and high RH (26°C and 97% RH) or low 
temperature and low RH (4°C and 0% RH) were used, while intermediate RH 
values (33-75%) were lethal to mosquitoes. 
Kawakami and Mikuni (1965) showed that relative humidity was very important 
to the survival of B. bassiana conidia at most temperatures. B. bassiana 
survival was the best at low RH, humidities between 75 and 85 per cent were 
most lethal. Clerk and Madelin (1965) reported that in storage conidia of S. 
bassiana lost viability most rapidly as the humidity was increased. Walstad et 
al. (1970) found similar results with B. bassiana. Conidia germinated at relative 
humidty of 92 per cent, whereas infection of adult bean weevil, Acanthoscelides 
obectus occurred irrespective of any level of relative humidies (Ferron, 1977). 
Kuberappa and Jayaramaiah (1987) found that optimum RH for growth, 
sporulation and development of S. bassiana was 80-96 per cent. Sandhu et al. 
(1993) determined that the unformulated conidia of B. bassiana survived 
longest in the storage at lower temperatures (0-20°C) and lower RH levels (0-
53%). 
COMPATIBILITY OF ENTOMOPATHOGENIC FUNGI WITH PESTICIDES 
Commercial application of microbial control agents will necessiate integration 
with other crop protection products and thus it is imperative to evaluate their 
compatibility with pesticides. A number of recent studies suggest that they may 
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be adversely affected by many fungicidal and fungistatic agents (Benz, 1971; 
Roberts and Campbell, 1977). Influence of pesticides on the germination and 
growth of economically important entomogenic fungi including Metarhizium 
anisopliae (Tedders, 1981) has been examined extensively on agar. Aguda et 
al. (1988) reported that benomyl and edifenphos (fungicides) and carbaryl 
(insecticide) at all the five concentrations viz., 0.1, 1, 10, 100 and 1000 ppm 
inhibited the germination of conidia. The systemic fungicides (Fundazol 
(benomyl), Fuji-one (isoprothiolane), Kitazine (Iprobenfos) inhibited the growth 
of the fungus, whereas the contact fungicides (copper-oxychloride, zineb, 
triazine, TMTD (thiram) were to some extent compatible with the fungus when 
tested under laboratory conditions. Vainio and Hokkanen (1990) studied the 
side effects of toxicity of pesticides in vitro and found that pirimicarb, 
cypermethrin, diazinon, simizine and metalaxyl plus mancozeb did not affect 
the growth. However, limitation of laboratory based {in vitro) screening test for 
assessing the chemical compatibility with M. anisopliae has been demonstrated 
(Moorhouse et al., 1992). They reported that chlorothalonil and zineb prevented 
germination of conidia when incorported into Sabouraud dextrose agar (SDA). 
Two fungicides benomyl and carbendazim, totally inhibited mycellial growth 
even at 0.1 times the recommended rate. Growth was also completely 
prevented by the fungicides- extridiazole, triforine, and zineb and the 
insecticides dichlorvos and hastathion (triazophos), at 10 times the 
recommended rate. Tsai et al. (1992) studied the effects of insectides in vitro, 
on the virulence of the green muscardine fungus and found inhibition of spore 
germination, mycelial growth and sporulation of the entomogenous fungus. 
Methomyl WP did not inhibit the colony forming units (CFU) in culture medium, 
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but caused 78 per cent inhibition if mixed with spore suspension. Among the 
insecticides tested, chlorpyriphos had the most inhibitory effect on the fungus. 
Tsai et al. (1993) obtained benomyl and carbendazim - resistant isolates (UV -
Be, UV - Ca, ML) - Be, MU - Ca) of this fungus (Ma) when the fungal conidia 
were treated with ultraviolet light as mutagenic agents. These isolates had 
cross resistance and showed stable fungicide resistance. Progressive increase 
in benomyl and carbendazim concentration in culture media aso induced the 
appearance of a fungicide - resistant (Fe - Be and Fe - Ca) strain. The mycelial 
growth of all fungicide - resistant isolates was less than that of their parental 
isolates, but their requirements for carbon sources and temperatures were 
similar. Li and Holdom (1994) reported that carbofuran, aldicarb and 2-4-D 
amine did not affect the growth and sporulation of M. anisopliae isolates but 
that of chlorpyriphos, ethoprophos, funamiphos, atrazine, diuron, glyphosate, 
paraquat, pendimethalin, trifluralin propiconazole and prochloraz reduced it 
significantly at 0.01 per cent age of active ingredient. 
Telenga et al. (1967) recommended the combination of 8. basslana with low 
doses of DDT. According to Olrmert and Khneth (1974) and Zimmermannn 
(1975), benomyl was among the most inhibitory chemicals. Aguda et al, (1988) 
found that the fungicides, benomyl and edifenphos and insecticide carbaryl 
each tested at 01, 1, 10, 100 and 1000 ppm inhibited the germination of 8. 
bassiana conidia. Vanninen et al. (1988) investigated the effects of pesticides in 
vitro. The compounds that did not affect the growth or sporulation of test fungi 
including 8. bassiana were the insecticides - diazinon, pirimicarb and 
cypermethrin. Su (1988) investigated the effects of tokuthion (prothiofos), 
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Marshal (carbosulfan), mevinphos, paraquat, glyphosate, stomp 
(pendimethalin) previcura (propamocarb), terrazone (etridiazone) and sportak 
(prochloraz) at dilutions of 500, 1000 and 1500 times, on the mycelial growth of 
B. bassiana and found that sportak 25% EC was the most toxic, showing 
inhibition of fungal growth at all dilutions tested, followed by previcura whereas 
paraquat was the least toxic amongst all. Vainio and Hokkanen (1990) reported 
that pirimicarb, cypermethrin, diazinon, simazine and metalaxyl plus mancozeb 
did not affect the growth but glyphosate, dimethoate, MCPA, , vinclozolin, 
trifluralin, thiram and propiconazole inhibited it. Malo (1993) studied, the 
compatibility of the fungus with commercial formulations of fungicides and 
insecticides. The fungicide, triadimefon and hexaconazol caused total inhibition 
of germination and growth of B. bassiana in vitro, while cyproconazol and 
copperoxychloride were less toxic. Of the four insecticides tested, fenitrothion 
was the most toxic, followed by pirimiphos-methyl and endosulfan, with 
dicrotophos being slightly less inhibitory. 
Zimmermann (1975) reported that benomyl was toxic to B. brongniartii. Keller et 
al. (1993) investigated the effects of 17 fungicides against 6. brongniartii and 
found that Baycor (captan + bitertanol) and Rondo (captan + pyrifenox) reduced 
the fungal growth. 
ANTAGONISTIC BEHAVIOUR OF ENTOMOPATHOGENIC FUNGI 
Soil harbour a vast array of living organisms, including fungi, bacteria, 
actinomycetes, algae and other microorganisms. One of the main debilitating 
factors in soil is parasitism by other organisms. The interaction of 
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entomopathogens with other microorganisms could reduce net effectiveness, 
perhaps making introduction of a pathogen impractical (Burges, 1981). 
Entomopathogens may be competitive, additive through their mutual co-
existance, more rarely synergistic or potentiating or they may compete for the 
host or antagonise one another (Krieg, 1981). When entomopathogenic fungi 
are applied in the soil, the influence of soil microorganisms on their activity is 
more obvious. Therefore, several workers have investigated the biotic factor 
affecting fungal propagules in the soil (Walstad et a/., 1970; Ling and 
Donaldson, 1981). Apparently, the soil microflora inhibited the 
entomopathogenic fungi. On the other side, these entomogenous fungi had 
also shown antibiotic properties against different common saprophytes 
(Walstad et al. 1970). 
Lingg and Donaldson (1981) found that Penicillium urticae produced a water 
soluble inhibitor which was the major cause of decrease in the level of 
inoculum of B. brongniartii. Vesely and Koubova (1994) reported that B. 
bassiana and S. brongniartii quickly started fructification and lysis of 
phytopathogenic fungi when jointly cultured on agar. B. brongniartii colonized 
and inhibited the growth of phytopathogenic fungi more effectively than B. 
bassiana.. Both species were found antagonistic to Pythium ultimum, P 
debaryanum and Septoria (Leptosphaeria) nodorum, while P. irregulare, Phoma 
(Pleospora) betae, P. exigua var. foveata and Rhizoctonia solani showed 
resistance to antagonism by Beauveria spp. 
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SHELF LIFE OF ENTOMOPATHOGENIC FUNGI 
Storage capability of biological pesticide is of great importance. Clarck et al. 
considered that a mycoinsecticide formulation could be successful if fungus 
conidia remained viable for 7 weeks. However, Couch and Ignoffo (1981) 
advocated a shelf life of 12-18 months. 
Conidia of M. anisopliae were found to survive longest when moderate 
temperature and high RH (26°C and 97% RH) or low temperature and low RH 
(4°C and 0% RH) were provided, while intermediate RH values (33 - 75%) were 
lethal to mosquitoes larvae, (C. pipens and A. stephensi) (Daoust and Roberts, 
1983). M. anisopliae spores stored dry in a freezer at -13°C were found viable 
(49.5%) and more lethal to larvae of Galleria mellonella up to 360 days than 
those stored at room temperature (Abreu et al., 1987). Formulations of pure 
conidia with silica gel kept in the freezer were viable (70%) for upto 660 days, 
(Alvesefa/., 1987). 
Spores of four isolates of 8. bassiana remained viable from 26-36 months when 
stored on silica gel crystals in test tubes at -20°C (Bell and Hamalle, 1974). 
Dried mycelia of 8. bassiana stored at different temperatures indicated that it 
can be stored for long periods only at less than -15°C. At 25°C, only a few 
conidia were produced after 2 weeks and all were dead after 8 weeks 
(Rombach et al., 1988). Sandhu ef al. (1983) determined that conidia of this 
fungus (8. bassiana) survived longest in the storage at lower temperatures (0 -
20°C) and lower RH levels (0 - 53%). Conidia did not survive at higher 
temperatures (30 - 40°C) when the temperature was decreased from 30 to 0°C 
at nearly all RH levels, the longevity of conidia increased. Alves et al. (1996) 
prepared powder formulation with conidia of 8. bassiana using talc (hydrous 
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magnesium silicate) as a carrier material. Formulations stored in plastic 
containers under ambient conditions (temp. 15 - 38°C) were totally unviable 
after 2 months, whereas storage under refrigerator ( 6 ± 2 °C) and freezer (-10, 
-7°C) maintained 100 per cent viability for 7 years. 
BIOEFFICACY OF ENTOMOPATHOGENIC FUNGI 
In laboratory, infection with Metarhizium and Beauveria can be achieved by 
inoculating insects directly with spore suspensions of by mixing conidia in the 
soil (Ferron, 1981). 
Adults of curculionid, Cylas puncticollis using three suspensions of M. 
anisopliae (5x105, 5x106 and 5x107 conidia ml'1) showed that over 90 per cent 
mortality occurred with the higher dose (5 x 107 spores ml'1) with LD50 of 3x106 
(Lobo-lima, 1990). Conidial suspensions of M. anisopliae were more pathogenic 
against Lissorhoptrus brevirostris when applied to rice seedlings than those of 
6. bassiana (Garcia ef a/. 1990). Pathogenicity of larvae of Phyllophaga spp. 
by contact with sporulating fungal cultures was done by Poprawski and Yule 
(1991) and they found that topical applications of M. anisopliae caused 64 
and 52 per cent mycoses in second and third instar larvae, respectively. 
Adults of the curculionid, Cylas puncticollis dipped in suspensions of 5x104, 
5x105, 5x106 conidia ml"1 of S. bassiana have shown LD50 of 5.6x106 conidia 
ml'1 (Lobo lima, 1990). Poprawski and Yule (1991) observed that topical 
application of S. bassiana on second and third instar larvae of Phyllophaga 
caused a high mortality than that of injection or force-fed method of application. 
Various routes of spore administration were used, larvae were moderately to 
highly susceptible to the fungi. B. bassiana induced white muscardine mycosis 
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in 39 per cent of second and 28 per cent of third instar larvae. Stimac et al. 
(1993) conducted laboratory experiments to evaluate the effects of B. bassiana 
on Brazilian and USA populations of Solenopsis invicta using 3 application 
methods viz., sprinkling material on the soil surface, injection into the nest and 
mixing into the soil. Maximum reduction (70%) of the population occurred when 
colonies with 3 g of a powder formulation containing 50 per cent of S. bassiana 
conidia were mixed into the soil. 
Shimazu (1994) reported the potential of the B. brongniartii for microbial control 
of Monochamus alternatus Hope. Mature larvae were inoculated by dipping 
them into conidial suspensions of the test pathogens for 10-30 second and 
found that greater concentration of this fungus, was required than S. bassiana 
for the control of M. alternatus. Gupta et al. (1998) investigated a simple lab-
plate method for bioassay of fungal pathogens, M. anisopliae, B. bassiana and 
S. brongniartii and found quick mortality within 3-8 days in H. consanguinea and 
M. insanabilis. 
In the field, significant control of pest population, Nilaparvata lugens on rice was 
observed at 7 and 22 days after application and up to the time of harvest, when 
conidia of M. anisopliae were applied at the rate of 7.5x1012/ha (Glare and 
Jackson, 1992). Samuel et al. (1989) bioassayed isolates of M. anisopliae 
against larvae of Inopus rubriceps. All eight isolates were pathogenic at high 
concentrations (6.7x105 - 6.7x106 spores g"1 soil. At the highest spore 
concentrations (6.7x106 spores g'1 soil), the four /. rubriceps isolates of M. 
anisopliae gave significantly higher mortality than the control. At the lowest 
concentrations (6.7x104 spores g'1 soil), no isolate was significantly different 
from the control. As concentrations of 6.7x105 spores g'1 soil or less 
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distinguished pathogenic isolates of M. anisopliae, these concentrations were 
used to test four M. anisopliae isolates from sugarcane whitegrubs. All four 
whitegrub isolates caused significantly higher mortality at 6.7x105 spore s g"1 
soil that the control. In addition, 3 of these isolates were significantly 
pathogenies at 6.7x104 spores g"1 soil. At 6.7x106 spores g'1 soil, all four /. 
rubriceps isolates exhibited significant growth and sporulation on the larval 
cadaver by day 40. None of the whitegrub isolates exhibited significant external 
growth or sporulation. 
Krueger et al. (1991) investigated the effect of.soil temperature and water on 
the efficacy of dry mycelial particles of M. anisopliae against Popillia japonica. 
Japanese beetle mortality occurred fastest in soil at 27°C and 11 per cent water 
content and slowest in soil at 21 °C and 17.5 per cent water content. Survival of 
M. anisopliae was affected by soil water, concentrations were consistently 
higher in soil at low water content. Larval mortality in Popillia japonica due to 
M. anisopliae occurred significantly quicker in mycelium inoculated compared 
with conidia inoculated soil. Total mortality, however, did not differ significantly 
between the two types of inoculum. Pathogen titres were consistently higher in 
soil inoculated with 250-500 |.im than 125-250 urn particles (Krueger ef a/., 
1992). Femandes and Alves (1992) selected three isolates of M. anisopliae on 
the basis of virulence to the pasture pest Cornitermes cumulans. For each 
isolate, 5 g of pure conidia per colony of C. cumulans were applied in pasture 
of Brachiaria sp. which caused 100 per cent mortality 10 days after application, 
in the field, and 48 h after application, in the laboratory. But sixty per cent of 
the cadavers developed conidiogenesis within the nests. Moorhouse et al. 
(1993) examined that M. anisopliae conidia (5 x 108 conidia I"1 compost) 
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reduced larval numbers by 62 per cent on Sikkimmia japonica Rubells and by 
up to 43 per cent on Yibumum plicatum 'Mariesii'. They, further reported that 
the most virulent isolate 275-86, reduced the numbers of O. sulcatus larvae by 
86 per cent. There was no significant correlation between larval number and 
plant biomass. Fungal drenches were most effective when they were applied 8 
weeks before the application of eggs of O. sulcatus. 
Samson ef a/. (1994) tested two isolates of M. anisopliae against the 
sugarcane pest Inopus rubriceps in separate field trials. Conidia were mixed 
with attapulgite and applied to soil at two rates by four different procedures (8.5, 
13.0 x 1014 ha'1). Rates of infection and mortality were significantly related to 
concentration of conidia in the corresponding samples. Kleespies and 
Zimmermann (1994) investigated the viability and virulence of blastospores of 
M. anisopliae after storage in 18 liquids at different temperatures viz. 4, 20 and 
35°C for 18 weeks, 12 weeks or 9 days, respectively. The bioassays revealed 
that the virulence of blastospores after storage was comparable to that of fresh 
ones and even better than that of fresh conidia against adults and third instar 
larvae of Locusta migratoriodes. Lacey ef a/. (1994) evaluated the 
pathogenicity of conidia of M. anisopliae for activity against adults of Popillia 
japonica under laboratory conditions. The LC50, 7 days after exposure were 0.7 
mg conidia/100 adults at 22-24°C. A sharp increase in mortality was observed 
when beetles were exposed to 10 mg conidia/100 beetles. The LT50 after 4 
days were 4.2 days. Onset of mortality was further delayed at lower dosages. 
Mortality of adults, treated with 10 mg of conidia/100 beetles immediately 
following application of conidia or 24 h post treatment were an average of 60 
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and 43 per cent cumulative mortality or 24 h post treatment within 9 days of 
exposure. 
M. anisopliae has the potential to control black field cricket, Teleogryllus 
commodus Walker, when applied as an oil based myco-insecticide. A dose of 2 
x 1013 conidia ha"1 gave a 30-40 per cent reduction in cricket population after 21 
days, compared with 80 per cent in malathion plots, whereas the higher dose 
4x1013 conidia ha'1 gave 60-70 per cent control (Milner ef a/., 1996). 
The isolation of the fungal pathogen, M. anisopliae, F-132 and F-454, were 
applied beneath the soil surface in ratoon crops of sugarcane infested with 
larvae of the sugarcane soldierfly. Concentrations of pathogen spores 
increased when rice grains along with spores were applied in the soil (Samson 
and Milner, 1997). 
Aguda et al. (1987) evaluated different doses of dry mycelium as well as 
suspensions of B. bassiana for the suppression of Nilaparvata. lugens on rice. 
The dry mycelium was applied at rates equivalent to 7.5x1012 ha"1. The dry 
mycelium preparations of B. bassiana were as effective as that of conidial 
application. Stimac ef al. (1989) studied the control of Solenopsis spp. by 6. 
bassiana under laboratory and field conditions and found that the fungus 
persisted in both clay as well as sandy types of soil upto 150 days after 
application but more colony forming units (2.14 x106/g) were present in the clay 
soil. A maximum (70%) reduction of the population occurred when colonies 
with 3 g of S. litura in 300 g of soil were injected with 0.3 g of a powder 
formulation containing 50 per cent of B. bassiana conidia. Badilla and Alves 
(1991) determined the dosages, suitable isolates and efficiency for isolates 
against Sphenophorus levis in Costa-Rica. B. bassiana isolate 447 was 
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selected for field applications. In bioassays, the LD50 was found to be 8.8x109 
conidia/500 ml, while under field conditions on sugarcane, a dose of 4.9x1011 
conidia/piece of sugarcane (25 cm x 25 cm) resulted in 92.3 per cent mortality 
of S. lew's. Femandes and Alves (1992) applied 5 g of pure conidia of 6. 
bassiana in each colony of Cornitermes cumulans in pasture of Brachiaria sp. 
and found 100 per cent mortality. S. bassiana gave 100 per cent 
conidiogenesis on cadavers within the nests. Lacey et al. (1994) found that for 
P. japonica (Japanese beetle) the LC50 values 7 days after exposure to 6. 
bassiana were 0.026 mg of conidia/100 adults. A sharp increase in mortality 
was observed 3 days after treatment with 100 mg of B. bassianahOO adults. 
The LT50 values at 10 mg/100 beetles dose were 3.1 days. Mortality of healthy 
adults that were exposed to beetles treated with 10 mg of conidia of S. 
bassianaH 00 adults immediately after treatment resulted an average of 79 and 
43 per cent cumulative mortality, or 24 h post treatment within 9 days of 
exposure. Sanchez-Pena and Thorvilson (1995) compared the virulence of two 
subcultures of B. bassiana strain, one of which was maintained for 4 years in 
liquid nitrogen and the other maintained under standard lab conditions, possed 
through susceptible host (Solenopsis invicta) and artificial media. Effects on 
virulence of three methods used to obtain pathogen suspension by 
centrifucation, sonication, Tween-80 was studied against adults of Solenopsis 
invicta at conidial concentration of 5 x105 and 5x107 ml"1. Percentage mortality 
ranged from 70.7 - 94.2 per cent for high concentration and from 24.0 - 72.5 per 
cent for low concentration. 
Vyas et al. (1990) tested the efficacy of B. brongniartii in the laboratory against 
Holotrichia consanguinea, H. serrata and Autoserica nathani (Maladera 
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nathani). The fungus infected all stages of all the species tested. In field, 
maximum of 41.5 and 45.5 per cent mortality was caused in larvae of H. serrata 
and H. consanguinea, respectively, when the fungus was applied at 1015 
conidia ml"1. Krueger et al. (1991) investigated the efficacy of dry mycelial 
particles of B. brongniartii against the European chafer, Rhizotrogous majalis in 
the laboratory. The concentration of B. brongniartii was consistently higher in 
soil at low water content. Mortality rates for 8. brongniartii killed European 
chafers and the proportion of cadavers supporting sporulating fungus were both 
significantly higher in soil at 21 °C than at 27°C. 
Bacillus popilliae: This bacteria has been found only in scarabaeidae and 
only a few varieties are described and named. After Dutky's (1940) description 
of milky disease in Popilliae japonica, it was studied in New Zealand 
(Dumbledon, 1945; Fowler, 1972), Australia (Beard, 1956; Milner, 1974), 
Europe (Wille, 1956) and India (David and Alexander, 1975). No growth 
occurred in simple bacteriological media (Ignoff and Hink, 1971). There was no 
growth in simple bacteriological media, but vegetative growth of some varieties 
occurred in a rich yeast extract tryptone medium (Burges, 1981). 
B. popilliae described by Dutky in 1940 and 1949 was further studied by 
Steinkraus (1957) and reported that the living larvae were the only completely 
satisfactory medium for growth and sporulation of B. popilliae. Healthy 
European chafer larvae macerated and heat sterilized still supported growth of 
organisms in the vegetative state. The life cycle, however, was interrupted and 
no spores formed and the aqueous extract of larvae added to 1.5 per cent agar 
supported some vegetative growth of this bacterium. Addition of larval extract to 
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trypton-glucose-yeast extract medium enhanced the vegetative cells, but no 
typical spores were formed. Spores were collected aseptically by bleeding 
surface sterilized, infected larvae into sterile water, after heating (70°C, 20 min) 
to kill vegetative cells and minimize contamiation (Milner, 1977). 
Milky disease spores infectious peros, can be mass produced only in the living 
host (Milner, 1976 ). To infect larvae, aged spores must be used as fresh 
spores germinate poorly. The most reliable method was to inject at least 10 
spores into each instar III larva. After 2 to 4 weeks at 25°C typical milky 
symptoms develop and each larva yielded 109 to 1010 spores (Milner, 1976). 
Problem of storing B. popilliae in culture collections and the failure, in general, 
to sporulate in vitro have seriously inhibited the development of a milky disease 
bacteria, in vitro grown rods of var. popilliae can be presered by freeze drying 
(Gordon etal., 1973). 
Vyas et al. (1991) studied the mass production of Bacillus popilliae. Feeding 
larvae of Holotrichia consanguinea on an artificial diet mixed with the spores of 
B. popilliae gave the highest rate of infection (85%) followed by the inoculation 
of soil and the roots of pearlmillet (80%), soil inoculation (65%), root dipping 
and feeding (60%) and dipping larvae starved for 3 days in a spore suspension 
for 1 min. (35%). 
MATERIALS AID METHODS 
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1. CULTURE OF PATHOGENIC MICRO- ORGANISM 
1.1 Isolation, purification, identification and preservation of the 
different fungal isolates 
1.1.1 Isolation of fungi from infected grub 
Diseased grubs showing various types of symptoms such as browning, 
hardening and mummification were collected from different parts of whitegrub 
infested areas adjoining Jaipur. Diseased grubs were first washed gently with 
tap water and then surface sterilized by keeping them in 1% sodium 
hypochlorite for one minute and washed thoroughly with sterile distilled water. 
Thereafter, surface sterilized grubs were placed on sterile blotter paper to 
remove the excess water from the body surface. Such grubs then were 
transferred individually to each potato dextrose agar slants, under aseptic 
conditions and incubated at 25±1°C. The fungus isolated as such was 
examined microscopically and purified after 10 days of growth using single 
spore technique. For this, spore suspension was prepared in sterile distilled 
water, diluted to 8-10 conidia per low microscopic field and 0.1 ml of this 
suspension was poured onto the agar surface in 90 mm dia glass Petriplates. 
After 24 h of incubation at 25°C, single germinating spores were marked and 
cut with the help of dummy objective and transferred aseptically to potato 
dextrose agar slants. On the basis of colony character and morphology of 
conidia eight isolates viz., four isolates of M. anisopiiae, three isolates of B. 
bassiana and one of B. brongniartii were established. 
The authentic identification of the fungi was obtained through the courtesy of 
Dr. S.P. Lai and Dr. O.P. Chowdhary, Division of Plant Pathology , IARI, New 
Delhi. 
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1.1.2 Isolation of fungi from soil 
The soil dilution and plate count method (Waksman, 1927) was followed for 
isolation of soil mycoflora. One ml of the prepared dilution (1:1000) was 
transferred aseptically to each Petriplate. To each plate, 20 ml of the neo 
peptone rose bengal agar medium just above the solidifying temperature was 
added. To disperse the diluted soil solution, the medium was rotated inside the 
plate clockwise as well as anticlockwise with swirling motions of the plate. 
Petriplates were incubated at 25±1°C and examined daily. Different types of 
colonies were developed after three days. For qualitative studies, the fungal 
colonies were transferred to potato dextrose agar (PDA) and purified by single 
spore technique. Stock or pure cultures of different fungi were maintained. The 
authentic identification was obtained through the courtesy of the Head, Division 
of Plant Pathology, IARI, New Delhi. 
1.1.3 Maintenance and preservation of pure cultures of 
entomopathogenic and soil fungi 
Four isolates of M. anisopliae referred to as Ma4, Ma-2, Ma-3 and Ma-4 were 
purified and maintained on Czapek's agar. Three isolates of B. bassiana (Bb-1, 
Bb-2 and Bb-3) and one isolate of B. brongniariii (Bbr-1) were maintained on 
potato dextrose agar (PDA)/tapioca potato dextrose (TPD) using standard 
laboratory techniques. 
Sixteen soil fungi including Alternaria alternata, Aspergillus chevalieri, 
Aspergillus flavus, Aspergillus niger, Colletotrichum sp., Curvularia lunata, 
Fusarium chlamydosporum, Fusarium moniliforme, Fusarium oxysporum, 
Fusarium solani, Macrophomina phaseolina, Paecilomyces sp., Penicillium sp., 
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Rhizoctonia bataticola, Rhizopus sp., Trichoderma viride after purification and 
identification were maintained on potato dextrose agar. For preservation, single 
spore cultures of each fungus actively growing on potato dextrose agar slants 
were kept in refrigerator and deep freezer at 4°C and -20°C, respectively. The 
culture tubes were wrapped in aluminium foil before placing them in refrigerator 
and deep freezer. 
1.1.4 Maintenance and preservation of Bacillus popillae 
Procedure for preparing milky disease bacteria (Bacillus popi'liae) stock culture 
on slides : 
1. Second and third instar larvae of Holotrichia consanguinea showing typical 
symptoms of milky disease (B. popilliae) were collected in polyethylene bags 
containing moist field soil from the groundnut field during August-September, 
1995-96. These larvae were washed in running water followed by thoroughly 
rinsing in alcohol (40-50%) to remove adhering soil particles. 
2. These were transferred to 45-50% alcohol for 5 minutes . 
3. These grubs were transferred to water at a temperature of 45-50°C and held 
for approximately 5 minutes. 
4. Grubs were removed from this water and placed on clean blotting paper, until 
used for slides. 
5. Bled a single grubs, by puncturing just back of the head cap onto a clean 
slide. 
6. Placed a second clean slide over the one containing the milky blood, allowing 
each slide to project about 0.5 inch beyond the other. The weight of the other 
slide caused the blood to flow evenly and uniformly over the coinciding 
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surfaces. When the blood was evenly distributed, the slides were separated by 
a quick sliding pull in opposite direction. Each grub thus formed two smears. 
7. Placed these smears in front of a laminar flow, allowed the sterilized air to 
blow over the fresh srr aars, until completely dry. 
8. Placed dried smers in a slide box and stored in a dry place. These slides 
were held indefinitely until needed for future inoculation work. 
1.2 Morphology and colony characters of entomopathogenic 
fungi 
1.2.1 Morphology of conidia 
Morphology of conidia was determined by preparing spore suspension in 
sterilized water from 20-day -old sporulating cultures of eight isolates of 
entomofungi in a way to have 10-15 spores per microscopic field (400x). Slides 
were prepared by using lactophenol. Shape and measurements of about 200 
conidia of each isolate were made with the help of an ocular micrometer fitted in 
a compound monocular microscope. 
1.2.2 Germination of conidia 
The hanging drop technique was followed for spore germination. Hanging drop 
or wet preparation permit examination of living organisms suspended in fluid. 
Wet preparations were made by placing a drop of the fluid containing the 
organism on a sterilized glass slide. Procedure adopted to study the conidia 
germination is described as under 
1. Spore suspension of isolates of entomopathogens were prepared in sterilized 
distilled water. 
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2. Spore suspension was diluted in such a way to have 10-15 spores per 
microscopic field (400x). 
3. Put two drops of spore suspension on each side of a clean glass microslide 
and after air drying of the spore drops of M. anisopliae, drops of 2 and 5 per 
cent sucrose solution and drops of sterilized distilled water as well were put 
over the dried spot of spore suspension. Similarly, for B. bassiana and S. 
brongniatii, 2 and 5 per cent sucrose solution and sterilized distilled water drops 
were put over the air dried spore suspension drops. 
4. Then, these slides were transferred to Peteriplate humid chamber (bottom of 
the plate lined with 3 pieces of sterilized blotters) where they were kept in an 
inverted position and the slide rested on two pieces of glass rod on each side of 
a plate. 
5. Plates were incubated for 24 h in BOD incubator at 28°C and 25°C in case 
of M. anisopliae and B. bassiana and B. brongniartii, respectively. 
6. After 24 h of inoculation, a drop of lactophenol was put over the spore 
suspension to check further germination of spores and examined under high 
power of microscope (400x ). 
7. About 200 spores were counted in different fields of microscope for each 
isolate and finally per cent germination was calculated. 
1.2.3 Colony characters of entomofungi 
Eight isolates of entomofungi (M. anisopliae - 4, B. bassiana - 3 and B. 
brongiartii -1) grown on Czapek's agar plates and incubated in a BOD incubator 
at 25°C were examined for colony characters e.g. colony dia, topography and 
colour of the substrate after 15 days of incubation. 
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2. 0 NUTRITION AND ECOLOGY OF ENTOMOPATHOGENIC 
FUNGI 
2.1 Nutrition 
2.1.1 Effect of liquid media 
Eleven standard synthetic/semi synthetic media viz., potato dextrose, Czapek's, 
Sabouraud's, Richards', neo-peptone rose bengal, nutrient glucose, glucose 
asparagine, mannitol yeast, molasses yeast, Brown's and Asthana & Hawker's 
broth (composition given in Table 1A) were evaluated for growth and 
sporulation of four isolates of M. anisopliae ( Ma-1, Ma-2, Ma-3, Ma-4) and 
three isolates of B. bassiana (Bb-1, Bb-2, Bb-3) and one isolate of S. 
brongniartii (Bbr-1). For each medium , 25 ml of medium was poured in each 
100 ml capacity conical flask and autoclaved at 1.05 Kg/cm2 pressure for 20 
minutes. Five flasks of each medium were inoculated with 2 mm inoculum disc 
cut from 10-day-old peripheral growth of the pathogen onto Czapek's agar 
plates and then incubated in BOD incubator (Remi) at 28°C ± 1°C {M. 
anisopliae) and 25°C ± 1°C (B. bassiana and B. brongniartii) for 15 days . Out 
of these, three flasks were used for growth and two for estimating the 
sporulation. Growth was determined by harvesting mycelial mats along with 
conidia of three flasks separately by filtering through previously dried weighed 
Whatman filter paper No. 1. Mycelial mats on the filter papers were air dried 
and then kept in an incubator for 24 h at 60°C temperature and weighed under 
non humid conditions along with the filter papers. Average dry weight of fungal 
biomass, representing growth in medium was calculated. Data were analyzed 
statistically. For spore assessment, the fungal biomass (mycelium + conidia) 
along with the broth in conical flask was shaken well on mechanical shaker for 
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15 minutes after adding one drop of Tween - 80 in each flask. A clear 
suspension was obtained by filtering the shaked biomass through double layer 
of muslin cloth and conidial count per ml was determined by using 
haemocytometer. 
2.1.2 Effect of solid/agar media 
Six agar media including Czapek's, molasses yeast, potato dextrose, Richards', 
Sabouraud's and tapioca potato dextrose were used (Table-1B) . Three fungal 
isolates each one of M. anisopliae (Ma-4), 8. bassiana (Bb-3) and 8. 
brongniartii (Bbr-1) were employed as test organisms. Twenty ml of autoclaved 
agar medium (a\ 121°C for 20 min.) was poured in 90 mm dia sterilized 
Petriplates. Inoculation was made by a 3 mm dia mycelial disc cut from an 
actively growing '10-day-old culture of respective pathogens growing onto 
Czapek's agar plates. Five plates for each pathogen were used and incubated 
for 20 days at 2$°C and 25°C in case of Metarhizium and Beauveria isolates, 
respectively. Of, these, 3 plates were observed for growth and two for 
sporulation. After 20 days of incubation, radial growth (mm) of the fungus was 
measured. For assessment of spores, 10 mycelial discs along with conidia were 
cut from growth in each plate by a 5 mm dia cork borer. The discs were 
transferred to 25 ml sterilized Tween - 80 solution (0.05%) contained in 100 ml 
conical flasks. Flasks were shaked on mechanical shaker for 15 min. and the 
conidial count per ml was assessed as mentioned under 2.1.1 
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Table 1 : Composition of different synthetic/semisynthetic broth media. 
A) Broth or liquid media 
1) Potato dextrose: 
Peeled potato slices 200 g 
Dextrose 20 g 
Distilled water 1000 ml 
2) Czapek's 
Sodium nitrate 2 g 
Dipotassium hydrogen phosphate 1 g 
Magnesium sulphate 0.5 g 
Potassium chloride 0.5 g 
Ferric ammonium sulphate 0.01 g 
Sucrose 30.0 g 
Distilled water 1000 ml 
3) Sabourauds 
Glucose 40 g 
Peptone 10 g 
Distilled water 1000 ml 
4) Richards' 
Potassium nitrate 
Potassium dihydrogen phosphate 
Magnesium sulphate 
Ferric chloride 
Sucrose 
Distilled water 
10 g 
5g 
2.5 g 
0.02 g 
50 g 
1000 m 
5) Neo-peptone rose bengal 
Dextrose 10 g 
Peptone 5 g 
Magnessium sulphate 0.5 g 
Potassium dihydrogen phosphate 1 g 
Rose bengal 35 mg 
Distilled water 1000 ml 
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6) Nutrient glucose 
Beef extract 3 g 
Bact. peptone 5 g 
Glucose 5 g 
Sodium chloride 5 g 
Distilled water 1000 ml 
7) Glucose asparagine 
Glucose 30 g 
Magnesium sulphate 0.5 g 
Asparagine 1 g 
Potassium dihydrogen phosphate 1.5 g 
Distilled water 1000 ml 
8) Mannitol yeast 
Mannitol 
Dipotassiom phosphate 
Magnesium sulphate 
Calcium carbonate 
Yeast extract 
Distilled water 
10 g 
0.5 g 
0.2 g 
3g 
2g 
1000 ml 
9) Molasses yeast 
Molasses (gur) 30 g 
Yeast extract 5 g 
Distilled water 1000 ml 
10) Brown's 
Magnesium sulphate 0.5 g 
Sodium nrtrate 2 g 
Potassium phosphate 1 g 
Potassium chloride 0.5 g 
Ferrous sulphate 0.01 g 
Sucrose 30 gm 
Distilled water 1000 ml 
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11) Asthana and Hawker's 
Glucose 
Potasium nitrate 
Potasium phosphate 
Magnesium sulphate 
Distilled water 
5g 
3.5 g 
1.75 g 
0.75 g 
1000 ml 
B) Solid / agar media 
1) Czapek's 
Sodium nitrate 2 g 
Dipotassium hydrogen phosphate 1g 
Magnesium sulphate 0.5 g 
Potassiom chloride 0.5 g 
Ferric ammonium sulphate 0.01 g 
Sucrose 30 g 
Agar 15g 
Distilled water 1000 ml 
2) Potato dextrose 
Peeled potato slices 
Dextrose 
Agar 
Distilled water 
200 g 
20 g 
15 g 
1000 ml 
3) Richards' 
Potassium nitrate 
Potassium dihydrogen phosphate 
Magnesium sulphate 
Ferric chloride 
Sucrose 
Agar 
Distilled water 
10g 
5g 
2.5 g 
0.02 g 
50 g 
20 g 
1000 ml 
4) Molasses yeast 
Molasses (gur) 
Yeast extract 
Agar 
Distilled water 
30 g 
5g 
15 g 
1000 ml 
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5) Sabourauds 
Glucose 40 g 
Peptone 10 g 
Agar 15g 
Distilled water 1000 ml 
6) Tapioca potato dextrose (TDP) 
Peeled potato slices 200 g 
Dextrose 20 g 
Tapioca pearls(motidana No. 2 quality) 150 g 
Distilled water 1000 ml 
2.1.3 Effect of whole grain media 
Eight types of whole grain media viz., barley, chickpea, cowpea, maize, pearl 
millet, rice, sorghum and wheat were used for estimating the sporulation in 
eight isolates viz., Ma-1, Ma-2, Ma-3 and Ma-4 (M. anisopliae), Bb-1, Bb-2 Bb-3 
(S. bassiana) and Bbr-1 (6. brongniartii). One hundred and fifty grams of each 
type of grain was washed and soaked in tap water for 18 h except rice and 
cowpea, which were soaked for 2 h only. After this, excess water was drained 
off and the grains were air dried on thick cloth till 65-70 per cent moisture was 
retained, thereafter, grains of each medium were equally distributed in 5 
Erlenmeyer flasks (250 ml capacity) and sterilized in autoclave for 45 min. at 
1.05 Kg/cm2 pressure. Immediately afterward, the lumps of grains were 
destroyed by shaking the flasks vigorously . Then, the grains were inoculated 
with 2 ml spore suspension of ca. 5-6.5X107 spores ml"1 in each flask and 
incubated in BOD incubators for 25 days at 28 ± 1°C and 25 ± 1°C for 
Metarhizium and Beauveria spp., respectively. 
Materials and Methods 40 
To avoid clumping and to ensure a homogeneous development of the fungus 
on all the grains, the flasks were shaken vigorously after 7 days of incubation. 
The spore load per g of undried grains was estimated after 25 days of 
incubation, the content of each of the three uniformly sporulating flasks was 
taken out separately in a clean enamelled tray and mixed well with spatula. A 
10 g homogeneous grain spore sample drawn from each of the three flasks, 
was transferred to. 100 ml sterilized Tween - 80 (0.05%) solution in 250 ml 
conical flasks. The flasks were shaked on mechanical shaker for 15 minutes. 
The spore suspension obtained was serially diluted and used for determining 
the number of conidia per ml with the help of haemocytometer and then conidia 
per gram of grain was computed. 
2.2 ECOLOGY 
2.2.1 Effect of temperature 
Seven temperature levels viz., 18, 20, 22, 25, 28, 35 and 40°C were maintained 
in seven different BOD incubators. Four isolates of M. anisopliae (Ma-1, Ma-2, 
Ma-3, Ma-4), three of B. bassiana (Bb-1, Bb-2, Bb-3) and one isolate of 6. 
brongniartii (Bbr-1) were used as the test pathogens. All isolates were grown on 
molasses yeast broth medium contained in 100 ml conical flasks (@ 25 
ml/flask) and autoclaved at 1.05 Kg/cm2 for 30 minutes. Each flask was 
inoculated with a 2 mm inoculum disc cut from 10-day-old peripheral mycelial 
growth onto Czapek's agar medium plates and incubated at seven 
temperatures. Five replicates were used for each treatment. After 15 days of 
inoculation, observations for dry fungal biomass and for conidial count per ml 
were recorded. For recording the weight of fungal biomass, fungal growth along 
Materials and Methods 41 
with conidia was filtered through already weighed Whatman filter paper No. 1 
and after drying at 60°C for 24 h, dry weight was computed. Three flasks of 
each isolate and each temperature were used for growth study. Two additional 
flask were kept for estimating the sporulation. The conidial count was taken as 
mentioned under liquid media study (2.1.1) 
2.2.2 Effect of hydrogen ion concentration (pH) 
For studying the effect of different hydrogen ion-concentrations on growth and 
sporulation of eight isolates of M. anisopliae (A), B. bassiana (3) and 6. 
brongniartii (1), eight different pH levels ranging from 4.5 to 8 (4.5, 5.0, 5.5, 
6.0, 6.5, 7.0, 7.5 and 8.0) were adjusted. These were adjusted with the help of 
a digital pH meter, by adding N/10 HCI andGl~A»or'10 NaOH, prior to 
autoclaving. The medium used was molasses yeast broth. Twenty five ml of the 
medium was taken in each 100 ml conical flask and replicated 5 times. Each 
flask was inoculated with a 2 mm disc of fungal growth (as in 2.1.1). Fungal 
biomass (dry weight) and conidia ml'1 (sporulation) were determined after 15 
days of incubation as per procedure outlined under liquid media study (2.1.1) 
2.2.3 Effect of relative humidity (RH) 
Saturated salt solutions were prepared in distilled water for regulation of six 
different relative humidities (RH) . The saturated salt solutions used were, 
MgCI2 -33%, Mg(No3)2 -53%, NaCI -75%, KCI - 85%, K2S04 - 98%, sterilized 
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distilled water -100% RH (Wexler and Hasegawa (1954). Six glass desiccators 
of Hi Tech (110 mm dia) sterilized in an oven at 180 °C for 1 h were used. Five 
saturated salt solutions as well as distilled water representing six different RH 
levels were added; in the bottom chamber (25 mm depth) of each desiccator 
separately for regulation of required RH. Eight fungal isolates of M. anisopliae 
(4), B. bassiana (3) and B. brongniartii (Bbr-1) were employed as test 
organisms. Twenty ml ofsterilized Czapek's agar medium was poured in 90 
mm dia sterilized glass Petriplates, Inoculation was made by a 3 mm dia 
mycelial disc cut from an actively growing 10-day-old culture of respective 
pathogens growihg onto Czapek's agar plates. Four replicates for each 
pathogen were used. All four inoculated plates were placed in a desiccator 
containing one of the six RH solutions. To ensure the maintenance of desired 
RH level, desiccators were tightly sealed by coating the rims with glycerol and 
wrapping parafilm -M around the glass lid. Thereafter, desiccators were 
incubated in BOO incubators at 28 ± 1°C and 25 ± 1°C in case of M. anisopliae 
and Beauveria spp. respectively for 20 days. Observation were recorded after 
20 days of inoculation for radial growth of the colony (in mm). 
3.0 PATHOGENICITY 
3.1 Pathogenicity of entomofungi 
Spore suspension of four isolates of M. anisopliae (Ma-1, Ma-2, Ma-3, Ma-4) 
three isolates of S. bassiana (Bb-1, Bb-2. Bb-3) and one of B. brongniartii (Bbr-
1) were prepared from 20-day- old sporulating cultures growing on Czapek's 
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agar medium. Dry spores were collected by scrapping with the help of a sterile 
needle and suspended in sterile water with 0.05% Tween-80 under aseptic 
conditions. The spore suspension in 100 ml conical flask was agitated on 
mechanical shaker for 15 min. and spore strength of each isolate was 
determined with the help of haemocytometer before inoculation. It ranged from 
5.0x107to 7.5x107conidia ml"1. 
Late second/third instar larvae of H. consanguinea and M. insanabilis collected 
from the field were washed gently with tap water and then surface sterilized 
with 1 per cent sodium hypochlorite solution for 30 sec. and again washed 
twice in sterile distilled water. Thereafter, grubs were dipped in the spore 
suspension contained in the Petriplate for 30 sec. under laminar air flow 
chamber. After dipping in spore suspension, grubs were transferred singly is 
each 90 mm dia sterilized Petriplates lined with two layers of blotters in the 
bottom. Before transferring the inoculated grubs in the plates, blotters in each 
plate were moistened with 8 ml of sterilized distilled water for H. consanguinea 
and 5 ml for M. insanabilis. Some pearlmillet seeds (ca.100) surface sterilized 
with HgCI2 0.1% for 1 min. were kept in each plate which after germination 
served as food for the inoculated grubs. Grubs dipped in sterile Tween-80 
(0.05%) solution: for 30 sec. had served as check. Fifteen grubs of each 
whitegrubs species were used for inoculating with each isolate. The Petriplates 
were incubated in BOD incubators at 28 ± 1°C and 25 ± 1°C for M. anisopliae 
and Beauveria spp., respectively. Observations on grubs mortality were 
recorded at every 24 h commencing from 3 days of inoculation. Fifteen grubs 
one in each plate were considered as fifteen replications for each isolate. The 
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cause of mortality was confirmed by transferring a dead grub into a separate 
sterilized plate lined with moistened blotting papers. 
3.2 Pathogenicity of soil fungi 
Spore suspension of test fungi were prepared from 20 -day- old sporulating 
cultures onto PDA slants. The test fungi (soil fungi) were A. alternata, A. 
chevalieri, A. flavus, A. niger, Colletotrichum sp., C. lunata, F. 
chlaneydosporum, F. moniliforme, F. oxyporum, F. solani, M. phaseolina, 
Paecilomyces sp., Penicillium sp., R. bataticola, Rizopus sp., T. viride. Late 
second/third instar grubs of H. consanguinea and M. insanabilis collected from 
the fields were used for the study. Fifteen grubs were inoculated by dipping in 
the spore suspension of each fungus (2-4.5 x 106 conidia ml '1) and then 
transferred to sterilized Petriplates by following a similar procedure as 
mentioned under 3.1. Petriplates were incubated in BOD incubators at 25 ±1°C. 
Observation on grubs mortality were recorded at every 24 h, commencing from 
3 days of inoculation. Plates were taken out from BOD incubators carefully and 
reset after recording observations, in order to avoid any microbial 
contamination. The cause of mortality was confirmed by transferring a dead 
grub into a separate sterilized plates having moistened blotting papers. 
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4.0 COMPATIBILITY OF ENTOMOPATHOGENIC FUNGI WITH 
PESTICIDES 
The commercial formulation of six fungicides viz., dithane M - 45 (mancozeb, 
75 wp), thiram (TMTD - 75 %), kavach 75 wp (chlorothalonil), blitox - 50 (copper 
- oxychlorides), bavistin - 50 wp (carbendazim) and ridomil MZ- 72 wp 
(mencozeb 64 % + matalaxyl 8%), and five insecticides including azadirachtin, 
0.3 % EC (econeem), dursban (chlorpyriphos, 20 EC), thiodan (Endosulfan, 35 
% EC), monocil (monocrotophos, 36% ws) and ekalux (quinalphos, 28.58%) 
(Table 2) 
were tested for their tolerance to three fungal isolates, each one of M. 
anisopliae, B. bassiana and B. brongniartii by poison food technique 
(Carpentdr, 1942) on Czapek's agar medium. 
Table 2 : Pesticides used for tolerance to entomofungi, in vitro 
Per cent 
active 
ingredient 
Formulation 
75 WP 
Trade name 
Fugicides 
Dithane M-45 
Thiram 
Kavach 
Blitox 
Bavistin 
Ridomil MZ 
Econeem 
Dursban 
Thiodan 
Monocil 
Ekalux 
Chemical name 
chlorothalonil 
carbendazim 
Azadirachtin 
Chlorpyriphos 
Monocrotophos 
75 
75 
50 
50 
0.3 
20 
35 
36 
28.58 
WP 
WP 
WP 
WP 
WP 
EC 
EC 
EC 
SL 
Source of 
supply 
Indofil 
Pesticide 
India 
Sandoz 
Rallies India 
BASF 
Ciba giegy 
Margo 
Nocil 
Hoechst 
Nocil 
Sandoz Quinalphos 
Insecticides 
mancozeb 
Tetra methyl thiuram 
disulphide 
copper-oxychlonde 
Metalaxyl + mancozeb 72 (8+64) 
Endosulfan 
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Different quantities of the medium were dispensed into 250 ml Erlenmeyer 
flasks. They were then autoclaved at 1.05 Kg/cm2 pressure for 20 minutes. 
When the medium was cooled to 50 °C, stock solutions of pesticides prepared 
in sterilized distilled water were incorporated into each flask in order to make 
concentration of 10, 100, 1000, 2000 ppm of the formulations. The flask of each 
concentration was shaken well and poured at the rate of 20 ml into each 90 mm 
dia Petriplates. Czapek's agar without pesticide served as a control. Virulent 
isolates, one each for M. anisopliae ( Ma-4), B. bassiana (Bb-3) and S. 
brongniartii (Bbr-1) were used as test pathogens. They were firsh grown on 
Czapek's agar plates' for 10 days at 28 °C to be used as inoculum. An agar 
disc along with mycelial growth was cut from the periphery of the colony by a 
sterile 3 mm dia. cork borer and transferred on to the centre of a Czapek's agar 
plate containing pesticides. Three replicate plates for each concentration were 
incubated at 28°C (Ma-4) and 25 ± 1°C (Bb-3, Bb-1) for 15 days and 
observations for colony dia were recorded. 
5.0 ANTAGONISTIC BEHAVIOUR OF ENTOMOPATHOGENIC 
FUNGI 
5.1 Interaction with soil fungi 
The antagonistic action of eight weakly pathogenic soil fungi viz., F. 
moniliforme, F. chlamydosporum, F. oxysporum, A. niger, A. chevalieri, T. 
virde, Penlcillium sp. and R. bataticola (as per test under 3.2) was studied by 
growing them together (in dual culture) with the test pathogens individually onto 
Czapek's agar medium. A 3 mm dia mycelial bit of each soil fungus along with 
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same size mycelial bit of the pathogen {Metarhizium / Beauveria) was placed at 
3 cm apart from each other in 90 mm dia glass Petriplates. The mycelial discs 
were cut by the cork borer from 10-day-old growth onto Czapek's agar plates. 
The inoculated plates were incubated for 12 days in BOD incubator at 26 ± 1°C. 
The plates inoculated with each fungus individually were also kept as controls. 
Observations for the colony dia in dual culture as well as of the individual 
fungus growing in separate plates were recorded. The zone of inhibition at 
interaction point of two colonies was also noted. 
5.2 Interaction with entomopathogenic fungi 
The compatibility of known entomofungal pathogens (M. anisopliae, B. bassiana 
and B. brongniartii) was tested with each other. A 3 mm dia mycelial bit of each 
entomogenous fungus was placed along with the same size mycelial bit of 
another test fungus on to Czapek's agar Petriplate at 3 cm apart from each 
other and also from periphery. Observations of radial fungal growth in dual 
culture as well as of individual fungal growth in separate plates were recorded 
after 12 days of incubation. M. anisopliae was tested along with 8. brongniartii 
and 8. bassiana where as 8. brongniartii with 8. bassiana. 
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6.0 MULTIPLICATION, FORMULATION AND SHELF LIFE OF 
ENTOMOPATHOGENS 
6.1 Multiplication 
Three most effective isolates each one of M. anisopliae (Ma 4), B. bassiana 
(Bb 3) and B. brongniartii (Bbr 1) were selected on the basis of their pathogenic 
ability (3.1.1). M. anisopliae was mass multiplied on molasses yeast broth 
(2.1.1) as well as on crushed maize grains substrate whereas, Beauveria spp. 
were cultured on molasses yeast broth and whole cowpea grains. 
6.1.1 Multiplication on liquid / broth medium 
Preparation of inoculum : After 20 days of suitable growth and sporulation on 
Czapek's agar medium, the fungal spores of Metarhizium and Beauveria spp. 
were collected on a piece of sterile butter paper and suspended in sterile 
distilled water with 0.05 per cent Tween -80 under aseptic conditions. Then the 
suspension was shaken on mechanical shaker for 15 minutes, spore 
concentration per ml (8.5 x 107 to 1 x 108/ml) was determined and used for the 
inoculation. 
Preparation of medium and inoculation : Molasses yeast broth medium adjusted 
to pH 6.0 (2.1.1), was autoclaved at 1.05 Kg/cm2 pressure for 30 minutes in 
1000 ml or 500 ml capacity Erlenmeyer flasks. Flask of 1000 ml capacity 
containing 200 ml of molasses yeast broth was inoculated with 4 ml of spore 
suspension (8.5 x 107 to 1 x 108 conidia/ml) with the help of automatic microlit 
dispenser. 
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Inoculated flasks were incubated in BOD incubator (Remi) at 28 and 25 ± 1°C 
in case of M. anisopliae and Beauveria spp., respectively for 20-25 days. 
6.1.2 Multiplication on grain medium 
In this method, dry maize grains crushed in an electric mixer for 30 sec and 
whole cowpea grains were used for M. anisopliae and Beauveria spp., 
respectively. Hundred grams of crushed maize grains / whole cowpea grains 
were placed in each 2 Kg capacity high density polypropylene bags and 
moistened with 60 ml of distilled water. The bags were closed by putting a non 
absorbent cotton plug (10 gm) in the centre of the bag and then autoclaved at 
1.05 Kg/cm2 pressure for 45 minutes. After cooling, the lumps of the grains 
were broken by pressing the bag by fingers and then inoculated with 
homogeneous spore suspension of M. anisopliae (1x108 conidia ml"1), 8. 
bassiana and B. brongniartii (2 x 108 conidia ml"1) by injecting 2 ml suspension 
per bag with the help of 5 ml capacity hypodermic syringe with needle of 26 G x 
0.5 ". The puncture mark of the needle on the bag was closed with a piece of 
cellophane tape. Bags were incubated in BOD incubator at 28 °C (for 
Metarhizum) and 25 ± 1°C for (for Beauveria) 25 days. After seven days of 
inoculation, mycelial mat formed in the bag was broken manually in order to get 
an uniform and fast growth of the pathogen. 
Mass multiplication on the same grain was also done in flask. Method remained 
the same as described earlier during grain media study (2.1.3) 
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6.1.3 Multiplication of Bacillus popilliae on host insect 
Preparation of inoculum : Two culture slides of Bacillus popilliae were washed 
into the 10 ml sterilized water tube. Spore concentration load was counted with 
the help of haemocytometer and number of spores were adjusted to 
approximately 3 x 108 per ml. 
Inoculation in insect body : Third instar grubs (H. consanguinea) were selected 
for the test . Before inoculation, they were placed in a ice chamber for 15 
minutes. Thereafter, each grub was taken and held firmly but tightly between 
thumb and forefinger and having the dorsal posterior portion outward, and 
guided towards the needle point. The grub was forced onto the needle point so 
that the needle enters in the dorsal portion of the suture between the second 
and third posterior abdominal segments. Every care was taken that the needle 
enters horizontally, so as not to puncture the intestine. The injection was made 
by depressing the pressure, which forces inoculating dose into the body cavity 
of the grub. By volume, approximately 0.003 ml spore suspension of 3 x 108 ml" 
1
 was injected into body of each grub which resulted into about one million 
spores. 
Incubation of inoculated larvae : The inoculated larvae were transferred to 
separate plastic pots, filled with 100 gm sterile soil moistened with 13 ml water. 
Few sterilized Pearlmillet seeds were put to each pot which served as food after 
germination for the grub during the incubation period. The pots were incubated 
at 35-37 °C for 15 - 20 days. 
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6.2 FORMULATIONS 
6.2.1 Formulation of fungal pathogens 
Harvesting of fungal biomas : After 25 days of inoculation, the fungal biomass 
of M. anisopliae and Beauveria spp. produced on molasses yeast broth was 
collected along with the spent medium and blended in an electric mixer for 1 -2 
min. to get a homogeneous slurry. Then, it was strained through muslin cloth to 
remove debris under aseptic conditions. In case of grain substrate, the spore 
mass along with grain carrier was taken out from bags after 25 days of 
incubation and air dried under laminar flow for 48-72 h. The spore count per ml 
or per gram was determined with the help of haemocytometer, as mentioned 
under 2.1.1 and 2.1.3. 
Mixing of bioagent in to carrier : Talc powder (100 mesh) was sterilized in 
autoclave at 1.05 Kg/cm2 pressure for 1 h on two consecutive days. After 
cooling the fungal slurry of known spore strength was mixed in the powder to 
obtain the formulation of desired strength. Then this mixture was dried under 
shade / laminar flow hood for 3 - 4 days under aseptic conditions, sieved 
through 18 mesh screen and packed in already sterilized polypropylene bags. 
The formulation was used in various pot and field experiments against 
whitegrubs. Similarly, grain - spore powder mixed in sterilized talc powder 
carrier and packed in the same manner. The formulations were used in various 
pot and field experiments against whitegrubs. 
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6.2.2 Formulation of Bacillus popilliae 
Harvesting of bacteria from insect body : After 20 days of incubation, the 
diseased grubs were screened. Grubs showing typical symptoms of milky 
disease were selected, washed in running tap water and put into a jar 
containing sterilized water and the jar was kept in refrigerator. When sufficient 
number of diseased/ infected larvae had accumulated, the excess water was 
drained off, and the grubs were crushed by running them through mixer and 
grinder, and made upto even volume. Spore counts were made in this 
suspension, and the density of spores per ml was recorded. 
Mixing bacterial suspension into carrier : Fifty fully developed grubs showing 
symptoms of milky disease were selected and crushed by means of mixer and 
grinder. Resultant 600 ml bacterial suspension (ca. 7.5 x 108 ml"1) was 
amalgamated in sterilized talc powder so as to obtain a spore dust of 2.5 x 108 
spores g'1 for further studies. Drying, sieving and packing were done as 
specified under 6.2.1. 
6.3 Shelf life of fungal formulations 
Powder formulations prepared with conidial mass of the entomopathogenic 
fungi were stored at three temperatures in 100 g capacity sterilized 
polypropylene bags. The temperatures of 4 ± 1°C and -20 ± 2°C were 
maintained in refrigerator and deep freezer, in the shelves of laboratory. The 
laboratory temperature varied from 17.9 - 36.7 °C to 24.8 -41.7 °C. 
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The vaibility of the stored conidia was evaluated at 30 days intervals for 180 
days (January to June 1997). For this, 10 g of conidial powder was suspended 
in 100 ml sterilized distilled water. After adding a few drops of Tween - 80 in 
each flask, these were kept on mechanical shaker for 1 h. Further, serial 
dilutions (10"6) were made in sterilized distilled water. Veen's medium (peptone 
- 10 g, dextrose -10 g, cycloheximide - 0.2 g, chloramphenicol - 0.5 g, agar -15 
g , DW - 1000 ml) and YpSs medium (yeast extract - 4 g, soluble starch -15 g, 
K2HP04 - 1 g, MgS04. 7H20 - 0.5 g, agar - 20 g, DW - 1000 ml) were used for 
Metarhizium and Beauveria spp. respectively. A aliquots of 0.1 ml diluted 
suspension (10'6) were plated on respective medium YpSs medium with three 
replicate plates for each sample. The aliquot was spread over the plates with 
the help of sterile glass spreader. The plates were incubated at 27 ±1°C for 5 
days. Thereafter, number of colonies per plate were recorded with the help of 
colony counter. 
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7.0 EFFICACY OF ENTOMOPATHOGENS 
7.1 Efficacy of entomopathogenic fungi against beetles 
7.1.1 Inoculum through insect body (beetle inoculation) 
Adults (beetle) of H. consanguinea and M. insanabilis were collected at the 
time of emergence from the soil by using trap. Spore suspensions of M. 
anisopliae (Ma-4), B. bassiana (Bb-3) and S. brongniartii (Bbr-1) were prepared 
in sterile distilled water with 0.05 %. Tween - 80 having spore concentrations of 
7 x 107 ml"1, 8.5 x 107 ml"1 and 6.5 x 107 ml"1 respectively. Twenty five beetles 
were inoculated with each of the pathogen by dipping spore suspension for 30 
sec. In each treatment, twenty five inoculated beetles were placed in five 
plastic containers (5 in each) containing 100 g sterilized soil in each pot and 
then they were covered with perforated plastic lids. Neem leaves were provided 
daily in each container as food for the beetles. As a control, twenty five beetles 
were dipped in sterilized distilled water with 0.05 % Tween - 80. Observations 
were recorded at every 24 h and continued up to 20 days. Dead beetles were 
kept in a moistened sterile Petri plates and the cause of mortality was 
ascertained in all cases. 
7.1.2 Inoculum through soil (soil inoculation) 
Freshly prepared talc spore dust formulation of one each most effective isolates 
of entomofungi, Ma-4, Bb-3 and Bbr 1 were used for their efficacy against 
beetles of H. consanguinea and M. insanabilis. The inocula of known strength 
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were mixed in 100 g of sterilized soil with moistened with sterile water in each 
250 g capacity plastic container. The concentration of inoculum was 4 x107, 
5x107 or 5x107 for Ma-4, Bb-3 and Bbr-1 respectively. Five beetles were placed 
in each plastic container and then they were covered with perforated plastic lids 
(twenty five beetles were used for each fungus). Sterilized soil with only talc 
powder was used as a control. Neem leaves were used as food for beetles. 
Observations were recorded in a similar manner as in 7.1.1. 
7.2 Efficacy of entomopathogens against grubs 
7.2.1 Inoculum through insect body (grub inoculation) 
The mother spore suspension of the three most effective isolates, each one of 
M. anisopliae (Ma-4), B. bassiana (Bb-3) and B. brongniartii (Bbr-1) with spore 
concentration of ca. 5 x 108, 6.5 x 108 and 5.8 x 108 ml"1 were prepared in 
0.05% Tween -80 solution in sterilized water by using 20-day -old sporulating 
cultures of respective pathogens grown on Czapek's agar plates. Dry spores of 
fungi were collected by scraping with the help of a sterile needle and the 
suspension in conical flasks was agitated on mechanical shaker for 15 min. 
Spore strength of each pathogen was determined with the help of 
haemocytometer before inoculation. All mother suspensions of fungi were 
further serially diluted so as to obtain three subsequent lower concentrations of 
each pathogen. 
First, second and third instar grubs of H. consanguinea and M. insanabilis 
collected from the field were used. Collected grubs were washed gently with tap 
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water and then with sterilized distilled water. Thereafter, inoculation was done 
by dipping in the spore suspension contained in the sterile Petriplates for 30 sec 
under aseptic conditions as specified under 7.1.1. Thirty inoculated grubs of 
each species and each inoculum concentration were placed in sterilized soil. 
For this, plastic containers of 250 g capacity containing 100 g of sterilized soil, 
moistened with sterilized water at 100 % mhc (13 ml/100 g soil) were employed. 
One inoculated grub was placed in each container along with some surface 
sterilized pearl millet seeds. Incubation was done at room temperature (21-
38°C). Observations were recorded on every third day of inoculation. Food and 
water were added as and when required. 
All dead larvae were removed from plastic pots and kept on moistened blotting 
sheets, to confirm the cause of mortality. Living larvae were returned to the pots 
and reexamined for further mortality at intervals. 
7.2.2 Inoculum through soil (soil inoculation) 
Freshly prepared talc-spore-dust formulation of three most effective isolates of 
entomofungal pathogens, each of M. anisopliae, Ma 4 (ca. 5.0x108 g"1), B. 
bassiana, Bb-3, (ca. 5.0 x 108 g'1), B. brongniartii, Bbr-1 (ca. 5.0 / 4.5x108g'1) 
and that of B. popilliae, Bp ( 2.5 x 108g'1) were used for their efficacy against H. 
consanguinea and M. insanabilis. The mother spore dust of known strength 
was mixed in sterilized soil to obtain 3 subsequent lower concentrations. Only 
the talc powder mixed in soil had served as control. One hundred gram of this 
inoculum-soil mixture moistened with 13 ml of sterile water was filled in each 
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250 g capacity plastic containers. Thereafter, one grub of first, second and third 
instar stage, washed with sterile water was released in each container 
aseptically and the container was closed by a perforated plastic lid. Thirty grubs 
were used for each isolate and each inoculum concentration. Surface'sterilized 
pearl millet seeds were placed in each container. Observations were recorded 
at frequent intervals, commencing after 6 days of inoculation. 
RESULTS 
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1. CULTURE OF PATHOGENIC MICRO-ORGANISM 
1.1 Isolation, purification, identification and preservation of 
the different fungal isolates 
1.1.1 Isolation from infected grub 
Four isolates of Metarhizium anisopliae referred to as Ma-1, Ma-2, Ma-3 and 
Ma-4; three isolates of Beauveria bassiana as Bb-1, Bb-2 and Bb-3 and one 
isolate of Beauveria brongniartii as Bbr-1, were identified. 
1.1.2 Isolation from soil 
The following sixteen fungi were isolated, purified and identified (Tabid) 
Table 1 : Identification Of fungi (Source - Head, Mycology, IART New D e l h i ) 
S.No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
Name of fungi 
Altemaria altemata 
Aspergillus chevalieri 
Aspergillus flavus 
Aspergillus niger 
Colletothchum sp. 
Curvularia lunata 
Fusarium chlamydosporum 
Fusarium moniliforme 
Fusarium oxysporum 
Fusarium solani 
Macrophomina phaseolina 
Paecilomyces sp. 
Penicillium sp. 
Rhizoctonia bataticola 
Rhizopus sp. 
Trichoderma viride 
Reference number 
2674.96 ' 
2673.96 
2671.96 
2769.96 
-
2670.96 
2675.96 
2765.96 
2676.96 
-
-
2766.96 
2672.96 
2679.96 
2678.96 
2767.96 
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1.1.3 Maintenance and preservation of fungi 
After purification, isolates of Metarhizium were transferred on to Czapek's agar 
while that of Beauveria on potato dextrose agar (PDA) and /or tapioca potato 
dextrose (TPD) media after attaining complete growth and sporulation, whereas 
isolates of soil fungi were maintained on potato dextrose agar. Purified cultures 
were stored at 4 °C and - 20 °C in refrigerator and deep freezer, respectively. 
The culture tubes were wrapped in aluminium foil before placing them in 
refrigerator and deep freezer. 
1.1.4 Maintenance and preservation of Bacillus popilliae 
Slide of Bacillus popilliae prepared from infected grubs placed in slide box and 
stored in refrigerator (4 °C). Apart form this, artificially infected grubs 
transferred in sterilized water and were kept in refrigerator until next grub 
season. 
1.2 Morphology and colony characters of entomopathogenic 
fungi 
1.2.1 Morphology of conidia 
Metarhizium isolates: Four isolates of M. anisopliae (Ma-1, Ma-2, Ma-3, Ma-4) 
cultured on Czapek's agar medium, conidia developed after 1 5 - 2 0 days of 
incubation revealed that mean conidial length and width varied from 9.16 to 
11.28 urn and 3.81 to 4.04 u.m (Table 2). However, the largest size of the 
conidia (11.28 x 4.04 (.im) was obtained in Ma-1 and the smallest in Ma-4 
(9.16x3.81 urn). The shape of conidia in different isolates did not vary much. 
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Conidia of all the isolates were typically cylindrical and truncate at both the 
ends. But in case of Ma-3 and Ma-4, conidia exhibited shades of green colour 
and formed laterally adherent chains. 
Beauveria isolates : The mean conidial size of B. brongniartii was 4.28 x 2.60 
urn, which ranged from 3.88 to 4.42 x 2.66 to 2.92 (im, when fungus grown on 
Czapek's agar medium (Table 2). Conidia were ellipsoid to ovoid in shape and 
rarely clustered. In B. bassiana isolates, mean conidial dia ranged from 3.13 to 
3.29 u.m with maximum size of 3.58 ^m in Bb-2 followed by Bb-1 and Bb-3. The 
shape of the conidia was globose to sub globose forming clusters. No marked 
variation in shape was observed among the isolates. 
Table 2 : Morphology of conidia/rsolates of entomofungi 
Isolates *Conidial size (urn) 
Length Width 
Conidial shape 
M. anisopliae 
Ma-1 
Ma-2 
Ma-~3 
Ma-^ 4 
B. brongniartii 
Bbr-1 
B. bassiana 
Bb-1 
Bb-2 
.. .. .. 
Bb-3 
11.28 | 4.04 
(9.78-12.03) j (3.56-4.18) 
9.75 I 3.81 
(8 .84-10.24) j (2.99-4.14) 
9.30 | 3.81 
(8.77-9.88) I (3.04-3.93) 
_L 
9.16 j 3.81 
(8.50-9.24) i (3.16-4.07) 
! 
Cylindrical to oval truncate 
at both ends 
Cylindrical, truncate at both 
ends 
Cylindrical, truncate, slightly 
narrower in the middle with 
shades of green 
Cylindrical, truncate, 
forming laterally adherent 
chains with shades of green 
4.28 | 2.60 
(3.88-4.42) | (2.66-2.92) 
dia. 
3.29 
(2.90-3.42) ^ 
3.58 
(3.00-3.71) ^ 
3.13 
(2.82 - 3.24) 
Ellipsoid, ovoid to cylindrical 
and rarely clusterd 
Globose, clusterd 
Globose to sub globose 
Globose to sub-globose 
forming dense clusters * measurements are based on 200 conidia 
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1.2.2 Germination of conidia 
Metarhizium isolates : Effect of different treatments on conidial germination 
revealed that 5 per cent sucrose solution was found superior over 2 per cent 
sucrose solution and distilled water (Table 3). Per cent conidial germination was 
being 42.92, 50.37, 59.82, 92.08 in Ma-1, Ma-2, Ma-3, Ma-4, respectively. This 
was followed by 2 per cent sucrose solution, exhibiting 24.79 to 84.38 per cent 
germination of conidia in different isolates. Distilled water did not respond better 
for conidial germination for any of the isolates. Of the four isolates, highest 
mean germination of 78.68 per cent was recorded in Ma-4 , which was 
significantly superior over other isolates, followed by Ma-3, Ma-2, Ma-1 
exhibiting 43.34, 36.71, 28.12 per cent conidial germination, respectively. 
Table 3 : Effect of treatments on conidial germination of 
Metarhizium isolates after 24 h of incubation at 
28±1°C 
Treatment 
Distilled water 
2%sucrose solution 
5%sucrose solution 
Mean (%) 
Mean conidia germination (%) 
Ma-1 
16.65 
24.79 
42.92 
28.12 
Ma-2 
13.45 
46.32 
50.37 
36.71 
Ma-3 
22.30 
47.89 
59.82 
43.34 
Ma-4 
69.58 
84.38 
92.08 
78.68 
Mean (%) 
30.50 
50.85 
61.45 
47.60 
SEM± LSD (P = 0.05) 
Within treatment 2.44 6.95 
Between treatment 1.41 4.01 
Beauveria isolates : Unlike Metarhizium isolates, highest conidial germination 
was obtained on distilled water (Table 4). S. brongniartii had significantly higher 
germination of 92.84 per cent over Bb-3 (74.91%), Bb-1 (34.26%) and Bb-2 
(27.83%). The per cent germination in B. bassiana isolates decreased 
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significantly in 2 and 5 per cent solutions as compared to distilled water. 
However, in case of Bbr-1 conidial germination in all the three treatments was 
statistically at par with each other, whereas there was no marked difference in 
germination at 2 and 5 per cent sucrose solutions, per cent germination varied 
from 24.68 to 89.81 and 22.29 to 89.23 per cent, respectively. 
When comparing the isolates, Bbr-1 provided the mean germination of 90.63 
per cent which was higher over all other isolates, Bb-3 was better than Bb -1 
and Bb-2 with regard to germination of conidia. 
Table 4 : Effect of treatments on conidial gemination of 
Beauveria isolates after 24 h of incubation at 25±1°C 
Treatment 
Distilled water 
2 % sucrose 
solution 
5% sucrose solution 
Mean (%) 
Mean conidia germination (%) 
Bb-1 
34.26 
28.90 
27.68 
30.28 
Bb-2 
27.83 
24.68 
22.29 
24.94 
Bb-3 
74.91 
56.13 
55.05 
62.03 
Bbr-1 
92.84 
89.81 
89.23 
90.63 
Mean 
(%) . 
57.46 
49.90 
48.56 
51.97 
SEM ± LSD (P = 0.05) 
Within treatment 2.16 6.13 
Between treatment 1.25 3.54 
1.2.3 Colony characters of entomofungi 
Metarhizium isolates : Colony dia of Metarhizium isolates varied from 25 to 32 
mm. Highest growth was obtained in Ma-1 (32 mm) and least in Ma-4 (25 mm) 
(Table 5). Colonies of all four isolates are spreading. Colour of the colony differ 
from each other viz., olivaceous ( Ma-1), grey (Ma -2), green (Ma-3) and dark 
green (Ma-4) (Fig. 1). Substrate of the isolates also different from each other 
exhibiting cream (Ma-1), light yellow (Ma-2), yellow ( Ma-3), dark yellow to 
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FIG. 1 : Metarhizium an/sopf/ae (Ma-4) on Czapek's agar. 
Results 64 
blackish (Ma-4). With regard to colony characters and conidia production Ma-1, 
Ma-2 and Ma-3, Ma-4 were identical. Spore mass tightly adhere over the 
surface in Ma-1 and Ma-2, whereas, it was loosely adhere in case of Ma-3 and 
Ma-4. 
Beauveria isolates : The colony dia of Beauveria isolates varied from 32 to 45 
mm (Table 5). The colonies of all the isolates were spreading, centres raised in 
case of Bb-1 and Bbr-1. Colour of the colonies in all the isolates were velvate 
white except Bb-2 in which it was cottony white. Substrates colour were 
different from each other. They were dark yellow to pinkish (Bb-1), white (Bb-2), 
creamish (Bb-3), pinkish (Bbr-1). Sticky conidial mass deposited over the 
surface in Bb-1 and Bb-3 (Fig. 2), while colony of Bb-2 formed a hard crust of 
mycelium along with sticky conidial mass. In Bbr-1, free granular mass 
deposited over the surface (Fig. 3). 
2. NUTRITION AND ECOLOGY ENTOMOPATHOGENIC FUNGI 
2.1 Nutrition 
2.1.1 Effect of liquid media 
Metarhizium isolates : Data on effect of eleven media on four isolates of M. 
anisopliae revealed that all media differed significantly from each other in their 
growth. In general, maximum growth was obtained with Richards' (436.78 mg), 
followed by Sabouraud's (420.68 mg), potato dextrose (324.20 mg) and 
molasses yeast (309.82 mg). Asthana and Hawker's (90.82 mg), medium was 
poorest among all. However, the remaining media were found intermediate in 
growth response to different isolates. Likewise, isolates also differed 
Results 
FIG. 2 : Beauveria bassiana (Bb-3) on Czapek's agar. 
Results 
FIG. 3 : Beauveria brongniartii (Bbr-1) on Czapek's agar. 
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significantly form each other. Maximum growth (324.59 mg) was recorded with 
Ma-4 followed by Ma-3 (269.03 mg), Ma-2 (244.74 mg) and Ma-1 (206.90 mg). 
Interactions between media and isolates were found to be significant indicating 
that response of media varied from isolates to isolates. Sabouraud's (280.77 
mg), Richards' (275.00 mg) and molasses yeast (262.85 mg) media for Ma-1, 
Sabouraud's (424.70 mg) for Ma-2, Richard's (508.00 mg) and Sabouraud's 
(492.67 mg) for Ma-3 and Richards' (638.97 mg) medium for Ma -4 were found 
significantly superior over others with regard to their growth. 
As regards sporulation, the highest conidial count of 7.95x106, 5.70x107 and 
1.12x107 conidia ml"1 was obtained on Sabouraud's medium after 15 days of 
incubation at 28 °C for Ma-1, Ma-2 and Ma-3, respectively (Table 6). Whereas 
in case of Ma-4, the highest conidial count (3.51 x107 ml"1) was obtained in 
molasses yeast broth. Mannitol yeast and glucose asparagine media were the 
next in merit for spore production in different isolates. 
Colony characters descripbed in Table 7 indicated that in general, in Ma-3 and 
Ma-4 isolates colonies were cottony white and raised as compared to Ma-1 and 
Ma-2 which were more or less spreading in nature except Sabouraud's and 
molasses yeast where colonies were raised and thick. Ma-3 and Ma-4 colonies 
produced dark light to green colour on Sabouraud's and molasses yeast agar 
which was not observed in Ma-1 and Ma-2 on these media. However,colonies 
of Ma-1 were found olivaceous on potato-dextrose, neopeptone, nutrient-
glucose, glucose-asparatise and mannitol yeast, whereas in Ma-2, olivaceous 
colour was characterized in potato dextrose and mannitol yeast only. 
Differences in colour of the substrates were also observed among the isolates. 
In general on most of the media, colour of the substrate was either not changed 
(M 
O 
CO 
CM 
« 
c 
o 
re 
3 
o 
c 
> • 
ro 
•o 
re 
re 
a> 
£ 
•o 
'3 
cr 
c 
o 
u) 
<n 
• ^ 
re 
"o 
i 
.3 
<2 
5 
12 
V 
+•* 
o 
re 
i_ 
re 
u 
>. 
C 
_0 
o 
o 
re 
r -
Results 68 
or it was light yellow, but on Sabouraud's, molasses yeast and neopeptone rose 
bengal media, the colour of the substrate became light yellow to dark brown in 
almost all the isolates. However, in Ma-3 and Ma-4, colour of the substrate was 
distinctly changed (dark brown) than in Ma-1 and Ma-2. 
Beauveria isolates : All the isolates of B. bassiana and B. brongniartii grew on 
eleven media. However, Richards' medium supported the maximum mean 
growth of 284.72 mg for all the isolates. This was significantly superior over all 
other media (Table 8). Sabouraud's and molasses yeast media exhibited 
244.71 mg and 235.95 mg growth were next to it, and statistically at par with 
each other. Asthana and Hawker's (70.70 mg) medium was poorest among all. 
Similarly, isolates differed significantly with each other, Bb-3 exhibited the 
highest mean growth of 193.72 mg followed by Bb-1 (160.42 mg) and Bb-2 
(151.21 mg) of B. bassiana. An isolate of B. brongniartii provided significantly 
less growth (145.06 mg) over all isolates of B. bassiana. The interactions 
between media and isolates were found to be significant. The best medium for 
Bb-1, Bb-2, Bb-3 and Bbr-1 were noted to be Richards', Sabouraud's, Richards' 
and molasses yeast, respectively providing the mean growth of 293.67; 244.44; 
431.57 and 266.67 mg, respectively. These media were found to be 
significantly superior over others. 
The highest conidial count of 1.12 x 107, 1.05 x 105 and 2.28 x 107 conidial ml'1 
for Bb-1, Bb-2 and Bb-3, respectively was obtained with molasses yeast 
medium and this was closely followed by mannitol yeast and potato dextrose 
broth (Table 8). Similarly, B. brongniartii exhibited the highest sporulation 
(1.46x107 ml'1) on molasses yeast followed by Sabouraud's (9.50x106 ml"1), 
69 
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glucose - asparagine (8.50x106 ml"1) and mannitol yeast (6.15x106 ml"1). No 
conidial production was observed on nutrient glucose and Brown's media with 
Bb-2 and on glucose - asparagine media with Bb-3. 
Growth characters of Beauveria isolates in Table 9 showed that isolates could 
not be distinguished on the basis of the topography of the colonies. In general, 
growth appeared cottony to velvate white in different isolates. In Bb-3 mycelial 
mat was comparatively thick in certain media such as potato-dextrose, 
Czapek's, nutrient glucose, mannitol yeast and molasses yeast. However, 
molasses yeast broth medium provided thick mycelial growth among all the 
isolates including B. brongniartii. Similarly, isolates could not be differentiated 
on the basis of the colour of the substrate too. However, difference in media 
with regard to substrate colour due to growth of various isolates was apparant. 
Out of the eleven media, Sabouraud's, neopeptone rose bengal and molasses 
yeast broth showed dark pigmentation in the substrate after 15 days of growth, 
whereas on other media colour of the substrate was either 'ight yellow or did 
not change at all. 
2.1.2 Effect of agar media 
Metarhizium isolates : Data on growth of four isolates on M, anisopliae on to 
six agar media revealed that all isolates had maximum growth of 60 - 75 mm 
on potato dextrose agar and tapioca potato dextrose. (Table 10). The remaining 
four media were the next and almost similar in response exhibiting 40 - 65 mm 
growth. Molasses yeast agar medium was however, better but next to potato 
dextrose agar and tapioca potato dextrose for the growth of Ma-3 and Ma-4. 
The growth of these isolates were being 65 and 50 mm, respectively. For Ma-1 
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and Ma-2, Czapek's agar was better over Richards', moiasses yeast and 
Sabouraud's media. 
Colony characters described in Table 10 revealed that topographical characters 
of the colony varied from medium to medium and isolate to isolate. In general, 
growth of the colony was spreading on potato-dextrose, tapioca-potato 
dextrose, Richards' and molasses. Colony characters of Ma-1, Ma-2 were 
slightly different from Ma-3 and Ma-4 as there was cottony white, fluffy growth 
in case of Ma-3 and Ma-4 on almost all the agar media. Isolates showed little 
distinction on the basis of colour of the substrates. On Sabouraud's dextrose 
and molasses yeast agar, Ma-1 and Ma-2 exhibited wine yellow colour while in 
Ma-3 and Ma-4 it was light brown to dark brown. On Czapek's agar, which was 
generally used for maintenance of these isolates, showed no remarkable 
change in the colour of the substrate in Ma-1, Ma-3 and Ma-4 but in Ma-2 it 
became dark yellow. 
Beauveria isolates : Growth response of various agar media varied from 
isolate to isolate, however, all media supported good growth in all isolates 
(Table 11) tapibca potato dextrose for Bb-1; potato dextrose for Bb-2; molasses 
yeast agar for Bb-3; molasses yeast agar and tapioca potato dextrose for Bbr-1 
were noted to be most suitable for their growth. Sabouraud's dextrose agar 
and Richards' were comparatively weak in response to various isolates. 
In the isolates of Beauveria bassiana, Bb-1 and Bb-2 colonies were generally 
cottony white and fluffy as against velvate white in Bb-3 and Bbr-1. No much 
difference was noticed in the colour of the substrate, however, on molasses 
yeast agar, which was generally found superior in pathogenic isolates for 
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speculation exhibited orange substrate in Bb-1 and Bb-2 while smoky in Bb-3 
andBbr-1 (Table 11). 
Effect of agar media on sporulation of three entomofungi: 
As regards sporulation, molasses yeast agar medium was found suitable for 
Ma-4, Bb-3 and Bbr-1, showing 4.20x106, 2.20x106 and 3.70x106 conidia ml'1, 
as compared to other medium (Table 12). However, for Ma-4, Sabouraud's 
agar medium was also better and exhibited 4.90 x 106 ml'1, a little higher than 
the molasses yeast medium. 
Table 12 : Effect of agar media on sporulation of most virulent 
isolates of entomofungi after 20 days of incubation 
Agar medium 
Potato dextrose 
Tapioca potao dextrose 
Sabouraud's dextrose 
Molasses yeast 
Richards' 
Czapek's 
Sporulation of virulent isolates 
M. anisopliae 
1.10 x 106 
1.20 x106 
4.90 x106 
4.20 x106 
3.70 x106 
3.20 x106 
B. bassiana 
1.20 x106 
1.30 x106 
1.5 x106 
2.20x106 
2.00x105 
3.10x 105 
(conidia ml'1) 
S. brongniartii 
2.80 x106 
2.70x106 
3.00 x10s 
3.70 x10s 
1.80 x10s 
1.00 x10s 
2.1.3 Effect of whole grain media 
Metarhizium isolates : All the four isolates of M. anisopliae sporulated 
moderate to profusely on all the whole grain media used. Sporulation on 
different media ranged between 3.06x107 - 3.36x108 ; 2.27x108 - 6.55x108 ; 
3.60x107 - 2.05x109 and 2.92x108 - 4.04x109 conidia g'1 of grain substrate after 
25 days of incubation in Ma-1, Ma-2, Ma-3 and Ma-4, respectively (Table 13). 
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The highest speculation in Ma-1, Ma-2, Ma-3 and Ma-4 was obtained with 
chickpea, sorghum, pearl millet and pearl millet grains, respectively. Ma-4 and 
Ma-3 sporulated profusely and were identical in their media requirement. 
Conversely, Ma-1, Ma-2 had produced comparatively less sporulation with 
distinct media requirement. 
Table 13 : Effect of grain media on sporulation of Metarhizium 
isolates after 25 days of incubation at 28 ± 1°C 
Grain 
<nediym 
Barley 
Chickpea 
Cowpea 
Maize 
Pearl millet 
Rice 
Sorghum 
Wheat 
Sporulation ( conidial count g"1 based on fresh grain weight) 
Metarhizium isolates 
Ma-1 
1.06 x 108 
3.36 x108 
3.17x108 
9.30 x107 
1.90 x108 
3.06 x107 
1.92 x10s 
1.43 x 108 
Ma-2 
3.27x108 
6.49 x 108 
6.33 x10s 
2.27 x10s 
3.65 x108 
4.90 x 108 
6.55 x10s 
4.13 x 10s 
Ma-3 
3.35 x10s 
1.32 x10s 
2.4 x10s 
3.60 x107 
2.05x109 
2.50 x10s 
1.56 x 109 
1.76 x108 
Ma-4 
1.98x109 
8.70 x10s 
2.92 x10s 
2.07 x10s 
4.04 x10s 
5.18 x10s 
2.96X10s 
7.50 x10s 
Beauveria isolates : All the eight grain media supported considerably good 
sporulation in different isolates of B. bassiana and B. brongniartii. However, 
extent of sporulation varied from isolate to isolate and medium to medium. The 
conidial production 2.54x107 - 9.70x107 in Bb-1; 1.02x106 - 7.56x107 in Bb-2 
and 2.60x107 - 3.98x108 conidia g"1 in Bb-3 was recorded (Table 14). All the 
isolates of B. bassiana sporulated profusely on either rice and / or cowpea grain 
media. The isolate, Bb-3 has exhibited more sporulation than Bb-2 and Bb-1. In 
case of B. brongniartii (Bbr-1), the highest sporulation of 6.34x10s conidia g*1 
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grain weight was obtained with cowpea, closely followed by 6.14x108 conidia g"1 
in chickpea. This isolate was identical with that of Bb-3 in media requirement as 
well as in extent of conidial production. 
Table 14 : Effect of grain media on sporulation of Beauveria 
isolates after 25 days of incubation at 25 ± 1°C 
Grain 
medium 
Barley 
Chick pea 
Cowpea 
Maize 
Pearl millet 
Rice 
Sorghum 
Wheat 
Sporulation ( conidial count g'1 
Bb-1 
6.10 X107 
4.50 X107 
2.54 X107 
4.04 X107 
7.50 X107 
9.70 X107 
4.37 X107 
5.16 X107 
based on fresh 
Beauveria isolates 
Bb-2 
1.42 X106 
2.56 X107 
5.11 X107 
6.20 X106 
6.20 X106 
7.56 X107 
1.02 X106 
7.56 X107 
Bb-3 
2.60 X107 
3.70 X107 
3.98 X108 
2.60 X107 
2.50 X108 
3.05 X108 
5.30 X107 
3.81 X108 
grain weight) 
Bbr-1 
1.24 X108 
6.14 X108 
6.34 X108 
2.19 X108 
3.08 X108 
1.66 X108 
1.71 X108 
3.74 X107 
2.2 Ecology 
2.2.1 Effect of temperature 
Metarhizium isolates : Out of seven temperatures, 28°C was found most 
favourable and significantly superior for growth of all the isolates (Table 15). 
The highest mean growth of 365.02 mg was recorded at this temperature. This 
was followed by 25 and 22 °C where the growth occurred (339.28 and 327.63 
mg) was statistically at par with each other. Temperatures below 20 °C and 
above 35 °C were not suitable, exhibiting a poor growth (92.88 and 133.66 mg) 
among all the isolates. Isolates differed significantly from each other with regard 
to growth at various temperatures. Ma-3 and Ma-4 were identical and had 
significantly fa^t^rc^^/asr/cpmpared to Ma-1 and Ma-2. Interactions between 
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temperatures and isolates were existed indicating that response of 
temperatures varied from isolate to isolate. Though at 28 °C, all isolates 
provided the highest growth, but the growth of Ma-1 at other temperatures was 
significantly less, whereas for Ma-2 and Ma-3, temperatures of 22, 25 and 28 
°C were statistically at par with each other. 
A temperature of 28 °C was found most suitable for sporulation of all the 
isolates. The conidial count was being 1.29x107, 2.11x107, 4.50x107 and 
6.20x107 conidia ml"1 for Ma-1, Ma-2, Ma-3 and Ma-4, respectively (Table 15). 
This was closely followed by 25, 22 and 20 °C. At 35 °C, all the isolates except 
Ma-1 had exhibited some sporulation which was being 6.5x105, 1.05x106 and 
2.45x106 ml'1 in Ma-2, Ma-3 and Ma-4 respectively. However, no sporulation 
was recorded in any of the isolates at 18 and 40 °C. Highest spore production 
of 2.45x106 - 6.20x107 ml"1 observed in Ma-4 irrespective of any temperature, 
followed by Ma-3, Ma-2 and Ma-1. 
Beauveria isolates : Of the seven temperatures, 28 °C was found significantly 
superior for all the isolates, exhibiting the highest mean growth of 311.40 mg 
(Table 16). This was closely followed by 25 °C (305.30 mg) and statistically at 
par with 28 °C. The temperatures of 20 °C (267.04 mg) and 22 °C (283.35 mg) 
had also provided good growth. However, temperatures of 18 °C and above 35 
°C were not suitable, providing significantly less growth over all other 
temperatures. Isolates differed significantly form each other in their growth 
response. Isolates Bb -3 and Bbr-1 were alike showing significantly higher 
growth over remaining two isolates. They were followed by Bb-2 and Bb-1. 
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Interactions between temperatures and isolates were found to be significant. 
This shows that response of temperature varied from isolate to isolate. The 
maximum growth of Bb-1, Bb-3 and Bbr-1 occurred at 28 °C and that of Bb-2 
at 25°C. In case of Bb-1, the temperatures other than 28 °C were found 
significantly inferior, whereas for Bb-3 and Bbr-1, 22 and 25°C were noted 
significantly at par with 28°C. 
As regards sporulation, 25 °C was the best for all isolates of B. bassiana 
exhibiting the highest sporulation of 8.45x107, 1.70x108, 3.00x108 conidia ml"1 
for Bb-1, Bb-2 and Bb-3, respectively (Table 16). This was followed by 22, 28 
and 20 °C. At temperatures of 18, 35 and 40 °C, no conidial production was 
recorded except in case of Bb -2 which sporulated sparsely (7.50 x105 ml"1) at 
18 °C. Maximum sporulation in B. brongniartii was obtained at 22 °C (2.86x108 
conidia ml'1), closely followed by 1.04x10s, 6.75x107 and 1.66 x 107 conidia ml" 
1
 at 25, 28 and 20 °C, respectively. At 18, 35 and 40 °C, no sporulation was 
observed. 
2.2.2 Effect of hydrogen - ion - concentration (pH) 
Metarhizium isolates : The growth occurred at all the pH levels in all isolates. 
However, maximum growth occurred at pH 6.0 (370.87 mg), closely followed by 
at 6.5 (370.61 mg) and 7.0 (365.76 mg) (Table 17). Growth at 6.0, 6.5, and 7.0 
were statistically at par with each other and significantly higher over 4.5, 5.0, 
7.5 and 8.0. The least growth (293.08 mg)was obtained at pH 4.5. As regards 
sporulation, the highest conidial count of 2.90 x 107, 3.30 x 107, 3.60 x 107 and 
4.75 x 107 conidia ml"1 for Ma-1, Ma-2, Ma-3, Ma-4, respectively was obtained 
on 6.5 pH after 15 days of incubation at 28 °C (Table 17). This was closely 
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followed by pH 6.0, 7.0 and 5.0 for all isolates. The pH of the filtrate was 
changed due to growth of the Metarhizium isolates at every level as compared 
to its initial (original) pH. In general, pH of the filtrates increased from 5 - 6.5 in 
respect of their lower initial pH of 4.5 - 5.5, thereafter it decreased when initial 
pH adjusted from 6.5 - 8.0 (Table 19). However, in case of Ma-3 and Ma-4, 
change in initial pH was pronounced as it (initial pH) increased beyond 6.5, as 
compared to Ma-1 and Ma-2. 
Beauveria isolates : Out of eight pH, 6.5 was found most favourable, 
exhibiting the maximum growth (324.13 mg) of S. bassiana irrespective of any 
isolates (Table 18). This was closely followed by 7.0 and 6.0 where the growth 
of the test fungus was statistically at par with the best one (pH 6.5) and 
significantly higher over all other pH levels. However, significantly less growth 
(259.50 mg) was obtained at pH 4.5. Fungal growth among the isolates 
differed significantly from each other. Of the three B. bassiana isolates, Bb-3 
had fast growth which was significantly higher over Bb-1 and Bb-2. However, 
Bb-1 and Bb-2 were identical, exhibiting almost the same growth at different 
pH. Growth in Bbr-1 was the highest among all but statistically at par with Bb-3. 
In all the isolates, highest conidial count was obtained at pH 6.5 except Bb-1 for 
which 7.0 pH was the best (Table 18). The highest conidial count in Bb-2, Bb -3 
and Bbr-1 at pH 6.5 was being 1.30x108, 3.90x108and 1.87x109 conidia ml"1, 
respectively, whereas in Bb-1 at pH 7.0, it was 9.74x107 conidia ml'1, however, 
sporulation occurred in all the isolates irrespective of any pH level, which 
ranged from 4.2 x107 to 1.8x109 conidia ml"1. 
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Data on pH of the filtrate recorded after 15 days of growth revealed that initial 
pH of the medium changed after 15 days growth of the fungi in all the isolates. 
Lower levels of initial pH (4.5 - 5.5) increased after the growth, whereas reverse 
was true with the higher levels of the pH (6.5 to 8.0) (Table 19). The pH level of 
6.0, however, remained unchanged after the growth in most of the isolates. 
2.2.3 Effect of relative humidity (RH) 
Metarhizium isolates : Out of the five RH levels, 53 per cent was found most 
favourable for growth of all the isolates, exhibiting a general mean growth of 
46.33 mm (Table 20). Beyond this level, growth was significantly decreased and 
the least (28.50 mm) at 85 per cent. Ma-4 and Ma-3 were alike in growth 
behaviour, showing significantly higher growth (42.93 and 43.67 mm) as 
compared to Ma-1 and Ma-2 (27.80 and 29.93 mm). In general, growth of M. 
anisopliae isolates occurred over a RH range of 33 - 98 per cent. 
Beauveria isolates : Like M. anisopliae, a RH level of 53 per cent was found 
optimum for the growth of Beauveria isolates. Maximum mean growth at 53 per 
cent was being 65.17 mm (Table 21). Beyond this, growth decreased on all the 
relative humidities under test. However, no definite trend was found for 
decrease of growth among various RH levels. Bb-3 was observed to be fast 
growing and significantly superior over Bb-2 and Bb-1. B. brongniartii also 
behaved in the similar manner for growth at various RH levels as that of 6. 
bassiana. Existence of interaction between RH levels and isolates indicated 
differential growth response among the RH treatments. 
Results 
Table 20 : Effect of relative humidity ( RH) on growth of 
Metarhizium isolates after 20 days of incubation at 
28±1°C 
Relative 
humidity 
(%) 
33 
53 
75 
85 
98 
Mean 
Average growth (colony dia in mm) 
Metarhizium isolates 
Ma-1 
24.00 
36.00 
26.00 
23.00 
30.00 
27.80 
Ma-2 
27.00 
33.67 
29.33 
25.00 
30.67 
29.93 
Ma-3 
41.67 
53.33 
43.33 
35.00 
45.00 
43.67 
Ma-4 
39.33 
58.33 
46.00 
31.00 
40.00 
42.93 
Mean 
33.00 
46.33 
36.17 
28.50 
36.42 
SEM ± LSD (P = 0.05) 
RH 0.64 1.83 
Isolate 0.57 1.64 
RH X Isolate 1.28 3.67 
Table 21 :- Effect of relative humidity ( RH) on growth of 
Beauveria isolates after 20 days of incubation at 
25±1°C 
Relative humidity 
(%) 
33 
53 
75 
85 
98 
Mean 
Average growth (colony dia in mm) 
Beauveria isolates 
Bb-1 
35.00 
53.33 
41.67 
36.00 
40.67 
41.33 
Bb-2 
56.67 
71.67 
53.33 
47.67 
63.33 
58.33 
Bb-3 
58.33 
72.33 
61.00 
58.33 
68.33 
63.67 
Bbr-1 
56.67 
63.33 
53.33 
48.33 
49.33 
55.42 
Mean 
49.17 
65.17 
52.33 
47.58 
55.42 
SEM ± LSD (P = 0.05) 
RH 0.76 2.18 
Isolate 0.68 1.95 
RH X Isolate 1.53 4.36 
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3. PATHOGENICITY 
3.1 Pathogenicity of entomofungi 
H. consanguinea : Among the four isolates of M. anisopliae, Ma-4 was found 
to be the most virulent causing 100 per cent mortality on the fourth day of 
inoculation (Fig. 4). This was followed by Ma-3, Ma-1 and Ma-2 which required 
6, 9 and 10 days, respectively to cause the same level of mortality, whereas 
LT50 for Ma-1, Ma-2, Ma-3 and Ma-4 were 5.02, 6.43, 2.85 and 2.03 days, 
respectively (Table 22). 
In B. bassiana, Bb-3 isolate was found strongly pathogenic as compared to Bb-
1 to H. consanguinea grubs. The time taken for 100 per cent motality by Bb-3 
and Bb-1 were 7 and 11 days, respectively (Table 22), whereas LT50 value for 
these isolates were 4.93 and 6.16 days when exposed to the dose level of 6.5 x 
107 and 6.8 x 107 conidia ml"1, respectively. The Bb-2 was a very weak 
pathogen which did not cause any mortality up to 11 days of inoculation. S. 
brongniartii had also shown a high degree of virulence to H. consanguinea 
which toGk 5 days for causing 100 per cent mortality with median lethal time 
(LT50) of 2.79 days (Fig. 6). 
M. insanabilis : Of the four isolates of M. anisopliae, Ma-4 proved to be strong 
pathogen and caused 100 per cent mortality on the third day of the inoculation 
(Fig. 5). This was followed by Ma-2, Ma-3 and Ma-1 which required 5, 6 and 6 
days for 100 per cent mortality, respectively (Table 22). However median lethal 
time (LT50) ranged from 1.47 to 3.90 days in different isolates. 
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FIG. 4 : Third instar of Holotrichia consanguinea Infected with 
Metarhizium anisopliae (Left) and healthy grubs (Right). 
FIG. 5: Third instar of Maladera insanabilis infected with 
Metarhizium anisopliae (Left) and healthy grub (Right). 
Results 
FIG. 6: Third instar of Holotrichia consanguinea infected with 
Beauveria brongniartii (Right) and healthy grub (Left). 
FIG. 7: Third instar of Maladera insanabilis infected with Beauveria 
brongniartii (Right) and healthy grub (Left). 
Results _• 
In 6. bassiana, Bb-3 isolate was found most virulent taking the minimum time 
(8d) to cause complete mortality as compared to Bb-1 and Bb-2 against M. 
insanabilis grubs. The time taken to cause 100 per cent mortality by Bb-3, Bb-2 
and Bb-1 were 8, 13 and 11 days and that of LT50s were 4.99, 9.81 and 7.46 
days respectively. Bb-2 took the longest time in causing grub mortality. B. 
brongniartii was also found strongly pathogenic to M. insanabilis which require 5 
and 3.10 days for 100 and 50 per cent (LT50) mortality, when exposed to 
5.8x107conidiaml'1 (Fig. 7). 
3.2 Pathogenicity of soil fungi 
H. consanguinea : Sixteen fungi were isolated form the field soil. Out of these, 
eight fungi viz., A. chevalieri, A. niger, F. chlamydosporum, F. monilifome, F. 
oxysporum, Penicillium sp., R. bataticola and T. viride were found to be weakly 
pathogenic to H. consanguinea (Table 23). They took 9 to 25 days in causing 
100 per cent grub mortality. The remaining eight isolates were not found 
pathogenic against H. consanguinea as none of these initiated grub mortality 
until 10 days of inoculation by insect dipping method. 
M. insanabilis: Six of the sixteen fungi viz., A. chevalieri, A. niger, F. 
chlamydosporum, F. moniliforme, F. oxysporum, and R. bataticola were noted 
as weak pathogens against M. insanabilis (Table 23). They required 12 to 20 
days for causing 100 per cent grub mortality. Penicillium sp. and T. viride were 
next to these showing 73.33 and 80.00 per cent mortality after 25 days of 
inoculation. 
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Table 23 : Pathogenicity of soil fungi in lab by insect - inoculation 
method against third instar grub of H. consanguinea 
and M. insanabilis 
Soil fungi 
A. alternata 
A. chevalieri 
A. flavus 
A. niger 
Colletotrichum sp. 
C. lunata 
F. chlamydosporum 
F. moniliforme 
F. oxysporum 
F. solani 
M. phaseolina 
Paecilomyces sp. 
Penicillium sp. 
R. bataticola 
Rhizopus sp. 
T. viride , 
Grub mortality ( % ) days after inoculation 
H. consanguinea 
Mortality 
(%) 
46.67 
100 
20 
100 
53.33 
40 
100 
100 
100 
33.33 
40 
20 
100 
100 
20 
100 
Mortality 
(days) 
25 
13 
25 
14 
25 
25 
19 
25 
16 
25 
25 
25 
18 
9 
25 
25 
M. insanabilis 
Mortality (%) 
53.33 
100 
33.33 
100 
33.3 
20 
100 
100 
100 
53.33 
46.67 
46.67 
73.33 
100 
20 
80 
Mortality 
(days) 
25 
20 
25 
16 
25 
25 
20 
14 
12 
25 
25 
25 
25 
12 
25 
25 
4. COMPATIBILITY OF ENTOMOFUNGI WITH PESTICIDES 
Data on growth of M. anisopliae on fungicides amended agar medium indicated 
that the maximum growth of 38.05 mm was attained with blitox-50, exhibiting 
the least inhibition (5.34%) over all the fungicides used. (Table 24 A). Whereas, 
the least mean growth of 2.88 mm was obtained with bavistin, showing high 
sensitivity of the test pathogens to this fungicides (Fig. 8). All fungicides 
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differed significantly from each other in growth except dithane M-45 and ridomil 
MZ. Differential behaviour of fungicides with their concentrations were also 
existed. Blitox -50 had the highest growth (37.67 - 39.33 mm) on all the four 
concentrations, thereby showing high tolerance of the pathogen even at the 
highest concentration of 2000 ppm. This was closely followed by kavach 
exhibiting 21.67 to 30.00 mm at different concentrations. Dithane M-45, ridomil 
MZ and thiram were however, tolerated at lower concentrations (10 and 100 
ppm) and they did not show any growth at 1000 and 2000 ppm. Bavistin could 
not be tolerated even at the lowest concentration of 10 ppm, showing 77.06 -
100 per cent inhibition at various concentrations (Fig. 8). 
Table 24 A: Effect of fungicides on growth of M. anisopliae on 
amended Czapek's agar medium 
Fungicide 
Bavistin 
Blitox - 50 
Dithane M - 45 
Kavach 
Ridomil -MZ 
Thiram 
Control 
(Unamended) 
Average growth (colony dia in mm ) at different concentrations 
(ppm) 
10 
9.33 
(77.06) 
39.33 
(3.29) 
40.00 
(1.65) 
30.00 
(26.24) 
38.33 
(5.75) 
20.67 
(49.18) 
100 
2.17 
(94.66) 
38.67 
(4.92) 
18.00 
(55.74) 
30.00 
(26.24) 
19.33 
(52.47) 
15.00 
(63.12) 
1000 
0.00 
(100) 
38.33 
(5.75) 
0.00 
(100) 
25.00 
(38.53) 
0.00 
(100) 
4.00 
(90.16) 
2000 
0.00 
(100) 
37.67 
(7.38) 
0.00 
(100) 
21.67 
(46.72) 
0.00 
(100) 
0.00 
(100) 
Mean 
2.88 
(92.92) 
38.50 
(5.34) 
14.50 
(64.37) 
26.67 
(34.42) 
14.42 
(64.54) 
9.92 
(75.61) 
40.67 
(0.00) 
Figures in parentheses are per cent growth inhibition 
SEM± LSD (P = 0.05) 
Within treatment 5.27 14.93 
Between treatment 2.64 7.46 
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Among the insecticides, azadirachtin was tolerated better, showing the highest 
mean growth of 49.58 mm, which was significantly higher over all the 
insecticides used (Table 24B). This was followed by monocrotophos (40.25 
mm), chlorpyriphos (32.33 mm), endosulfan (27.83 mm) and quinalphos (26.50 
mm) (Fig. 9). Growth at various concentrations revealed that azadirachtin 
provided higher growth (43.33 - 53.33 mm) on all the concentrations in 
comparison to the other insecticides. Chlorpyriphos and monocrotophos were 
found moderately tolerable as they provided comparatively less growth of 19.33 
- 43.33 mm and 26.00 - 51.67 mm respectively. Endosulfan and quinalphos 
tolerated at lowest concentration (10 ppm) only. 
Table 24 B: Effect of insecticides on growth of M. anisopliae on 
amended Czapek's agar medium 
Insecticide 
Azadirachtin 
Chlorpyriphos 
Endosulfan 
Monocrotophos 
Quinalphos 
Control 
(Unamended) 
Average growth (colony dia in mm) at different concentrations 
(ppm) 
10 
53.33 
(0.00) 
43.33 
(18.75) 
45.00 
(15.62) 
51.67 
(13.11) 
39.33 
(26.25) 
100 
51.67 
(3.11) 
41.67 
(21.86) 
30.00 
(43.75) 
45.33 
(15.00) 
28.33 
(46.88) 
1000 
50.00 
(6.24) 
25.00 
(53.12) 
21.33 
(60.00) 
38.00 
(28.75) 
22.33 
(58.13) 
20C0 
43.33 
(18.75) 
19.33 
(63.75) 
15.00 
(71.87) 
26.00 
(51.25) 
16.00 
(70.00) 
Mean 
49.58 
(7.32) 
32.33 
(39.38) 
27.83 
(47.82) 
40.25 
(24.53) 
26.50 
(50.31) 
53.33 
(0.0) 
Figures in parentheses are per cent growth inhibition 
SEM ± LSD (P = 0.05) 
Within treatment 1.34 3.80 
Between treatment 0.67 1.90 
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Of the six fungicides, blitox-50 and kavach were highly tolerable to B. bassiana, 
exhibiting a maximum mean growth of 24.42 mm and 23.50 mm, respectively 
irrespective of any concentration (Table 25A). They were significantly superior 
over other fungicides. The pathogen was found highly sensitive to ridomil MZ 
and bavistin as evident by significantly lower growth of the fungus 0.67 and 
2.58 mm, respectively. Dithane M-45 and thiram were however, moderate in 
tolerance. Growth of the pathogen was significantly affected by different 
concentrations. Growth on blitox -50 was significantly higher over rest of the 
fungicides but at par with growth on kavach at every concentration. Both the 
fungicides (blitox and kavach) were tolerated even at the higher concentration 
of 2000 ppm (Fig. 8). 
Table 25A : Effect of fungicides on growth of B. bassiana on 
amended Czapek's agar medium 
Fungicide 
Bavistin 
Blitox - 50 
Dithane M - 45 
Kavach 
Ridomil - MZ 
Thiram 
Control 
(Unamended) 
Average growth (colony dia in mm) at different concentrations 
(ppm) 
10 
10.33 
(76.16) 
35.00 
(19.22) 
31.67 
(26.91) 
32.33 
(25.39) 
2.67 
(93.84) 
14.00 
(67.69) 
100 
0.00 
(100) 
25.00 
(42.30) 
0.00 
(100) 
25.00 
(42.30) 
0.00 
(100) 
8.67 
(80.00) 
1000 
0.00 
(100) 
19.50 
(55.00) 
0.00 
(100) 
20.67 
(52.30) 
0.00 
(100) 
4.00 
(90.77) 
2000 
0.00 
(100) 
18.17 
(58.07) 
0.00 
(100) 
16.00 
(63.07) 
0.00 
(100) 
0.00 
(100) 
Mean 
2.58 
(94.05) 
24.42 
(43.64) 
7.92 
(81.72) 
23.50 
(45.77) 
0.67 
(98.45) 
6.67 
(84.61) 
43.33 
(0.00) 
Figures in parentheses are per cent growth inhibition 
SEM ± LSD (P = 0.05) 
Within treatment 0.84 2.40 
Between treatment 0.42 1.20 
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There was significant difference in between growth occurred at lower (10, 100 
ppm) and higher (1000, 2000 ppm) concentrations, Dithane M-45 and thiram 
were tolerated only at lower concentrations with no growth at 1000 and 2000 
ppm. Whereas bavistin and ridomil were not at all tolerated even at the lowest 
concentrations, showing more than 70 per cent growth inhibition on them 
(Fig.8). 
S. bassiana was found resistant to azadirachtin representing the highest mean 
growth of 45.70 mm on the medium amended with this chemical (Table 
25B). 
Table 25B : Effect of insecticides on growth of B. bassiana on 
amended Czapek's agar medium 
Fungicide 
Azadirachtin 
Chlorpyriphos 
Endosulfan 
Monocrotophos 
Quinalphos 
Control 
(Unamended) 
Average growth (colony dia in mm) at different concentrations 
(ppm) 
10 
51.67 
(3.11) 
50.00 
(6.24) 
40.33 
(40.38) 
46.00 
(13.74) 
37.67 
(29.36) 
100 
50.67 
(4.99) 
39.33 
(26.25) 
20.67 
(61.24) 
37.67 
(29.36) 
26.00 
(51.25) 
1000 
44.33 
(16.88) 
26.00 
(51.25) 
11.33 
(78.75) 
30.00 
(43.75) 
16.00 
(70.00) 
2000 
36.33 
(31.88) 
10.00 
(81.25) 
10.00 
(81.25) 
26.00 
(51.25) 
14.00 
(73.75) 
Mean 
45.75 
(14.21) 
31.33 
(41.25) 
20.58 
(61.41) 
34.92 
(34.52) 
23.42 
(56.08) 
53.33 
(0.0) 
Figures in parentheses are per cent growth inhibition 
SEM ± LSD (P = 0.05) 
Within treatment 1.35 3.85 
Between treatment 0.67 1.92 
Monocrotophos, chlorpyriphos, quinalphos and endosulfan were the next in the 
merit of tolerance, exhibiting the mean growth of 34.92, 31.33, 23.42 and 20.58 
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mm, respectively (Fig. 9). Growth of the pathogen occurred on all the 
concentrations of azadirachtin which was significantly higher over all other 
insecticides used. This was closely followed by monocrotophos, tolerated well 
at all the concentrations and the fungal growth ranged from 26.00 - 46.00 mm. 
Chlorpyriphos was tolerated up to 1000 ppm concentration, beyond that, growth 
inhibition reached by 81.25 per cent. Though growth occurred on all the 
concentrations of quinalphos (14.00 - 37.67 mm) and endosulfan (10.00 - 40.33 
mm) but tolerated at lower concentrations (10 to 100 ppm) only. 
In general, B. brongniartii exhibited the high degree of resistance to blitox-50, 
providing a mean growth of 36.67 mm (Table 26A). 
Table 26 A: Effect of fungicides on growth of B. brongniartii on amended 
Czapek's agar medium 
Fungicide 
Bavistin 
Blitox - 50 
Dithane M - 45 
Kavach 
Ridomil 
Thiram 
Control 
(Unamended) 
Average growth (colony dia in mm) at different concentration 
(ppm) 
10 
8.67 
(79.19) 
40.00 
(4.00) 
41.67 
(0.0) 
41.67 
(0.0) 
41.67 
(0.0) 
17.00 
(59.20) 
100 
0.00 
(100) 
39.33 
(5.62) 
30.67 
(26.40) 
36.67 
(12.00) 
41.67 
(0.0) 
16.67 
(60.00) 
1000 
0.00 
(100) 
37.33 
(10.42) 
0.00 
(100) 
30.00 
(28.01) 
0.00 
(100) 
10.00 
(76.00) 
2000 
0.00 
(100) 
30.00 
(28.01) 
0.00 
(100) 
15.33 
(63.21) 
0.00 
(100) 
0.00 
(100) 
Mean 
2.17 
(94.79) 
36.67 
(12.00) 
18.09 
(56.58) 
30.92 
(25.80) 
20.83 
(50.01) 
10.92 
(73.80) 
41.67 
(0.00) 
Figures in parentheses are per cent growth inhibition 
SEM ± LSD (P = 0.05) 
Within treatment 1.05 2.97 
Between treatment 0.52 1.48 
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Kavach and ridomil MZ were next to it, showing 30.92 and 28.83 mm mean 
growth on the amended media. Bavistin was found most inhibitory to the growth 
of the fungus. Fungicides provided differential growth response at different 
concentrations. Higher growth (30-40 mm) was obtained at various 
concentrations of blitox -50. This was closely followed by kavach with growth 
values of 15.33 - 41.67 mm. Ridomil MZ, dithane M -45 and thiram were 
moderately tolerable as they provided the fungal growth only at 10 and 100 
ppm and almost complete inhibition at 1000 and 2000 ppm. Bavistin showed 
complete growth inhibition at all the concentrations except 10 ppm which had a 
slight growth of 8.67 mm (Fig. 8). 
Azadirachtin was highly tolerable by B. brongniartii as the maximum fungal 
growth (37.75 mm) was attained on the amended medium (Table 26B). 
Table 26 B: Effect of insecticides on growth of B. brongniartii on 
amended Czapek's agar medium 
Insecticide 
Azadirachtin 
Chlorpyriphos 
Endosulfan 
Monocrotophos 
Quinalphos 
Control 
(Unamended) 
Average growth (colony dia in mr 
(ppm) 
10 
40.00 
(4.00) 
40.00 
(4.00) 
20.00 
(52.00) 
39.33 
(5.62) 
39.33 
(5.62) 
100 
38.67 
(7.20) 
30.67 
(26.40) 
17.33 
(58.41) 
33.33 
(20.01) 
26.67 
(36.00) 
1000 
37.00 
(11.21) 
15.33 
(63.21) 
10.00 
(76.00) 
23.33 
(44.01) 
21.67 
(48.00) 
n) at different concentration 
2000 
35.33 
(15.21) 
9.33 
(77.60) 
5.33 
(87.21) 
10.00 
(76.00) 
20.83 
(50.01) 
Mean 
37.75 
(9.41) 
23.83 
(42.81) 
13.17 
(68.39) 
26.50 
(36.41) 
27.13 
(34.89) 
41.67 
(0.0) 
Figures in parentheses are per cent growth inhibition 
SEM ± LSD (P = 0.05) 
Within treatment 1.20 3.43 
Between treatment 0.60 1.71 
Results 
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Quinalphos and monocrotophos were next to it in tolerance with no significant 
difference among them. Chlorpyriphos and endosulfan were comparatively less 
tolerant as they exhibited the mean growth of 23.83 mm and 13.17 mm, which 
were significantly lower than other insecticides. Growth was significantly 
affected at various concentrations. Azadirachtin provided higher growth at all 
the concentrations (35.33 - 39.33 mm) in comparison to growth with other 
insecticides. Likewise, quinalphos also showed growth at all the concentrations 
(20.83 - 39.33 mm) and representing the next in the merit of tolerance by the 
test pathogen. Chlorpyriphos and endosulfan, though provided the growth at all 
the concentrations, but it was significantly less at higher concentrations 
indicating their tolerance at lower concentrations only. 
5. ANTAGONISTIC BEHAVIOUR OF ENTOMOPATHOGENIC FUNGI 
5.1 Interaction with soil fungi 
Data presented in Table 27 revealed that of the eight fungi, Penicillium sp. was 
found to be strongly antagonistic, suppressing the growth of M. anisopliae by 60 
per cent (Fig. 10 L) . The growth of the test pathogen, in association with 
Penicillium sp. was significantly reduced over all other antagonists. R. bataticola 
(Fig.11 L), T. viride (Fig.10 R) and A. niger were next to Penicillium sp. which 
restricted the growth of the pathogen by 12.2-33.3 per cent. The growth values 
of the entomopathogen with R. bataticola, T. viride and A. niger were 10.0, 
10.17 and 13.17 mm, respectively, as compared to 15 mm in control. However, 
F. moniliforme, F. chlamydosporum, F. oxysporum and A. chevalieri did not 
affect the growth of M. anisopliae in dual culture. As a result of interaction, 
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FIG. 10 : Suppression of Metarhizium anisopliae (p) by Penicillium 
sp. (a) (Left). Suppression of Metarhizium anisopliae (p) by 
Trichoderma viride (a) (Right). 
FIG. 11 : Suppression of Metarhizium anisopliae (p) by Rhizoctonia 
bataticola (a) (Left) Suppression of Fusarium oxysporum 
(a) by Metarhizium anisopliae (p) (Right) with distinct zone 
of inhibition. 
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growth of certain soil fungi (antagonist) was also affected. The growth of F. 
moniliforme, F. chlamydosporum was reduced by more than 33 per cent while 
4.58 to 9.38 per cent growth inhibition was recorded in A. niger, A. chevalieri 
and , F. oxysporum, when grown with association of M. anisopliae. The 
interaction between M. anisopliae and A. niger was the only one which affected 
the growth of each other. Zone of growth inhibition (Zl) were also noted among 
different interactions. A narrow zone of inhibition of 2 - 2.5 mm were found in 
the area of the test pathogen in association with 7". viride and R. bataticola, 
while 2 - 5 mm Zl were formed in the growth area of Fusarium spp. The largest 
Zl was formed in the area of F. oxysporum (Fig.11 R) interacted with M. 
anisopliae. Colony characters described in the Table 27 indicated that the test 
fungus was over grown by three soil fungi including Penicillium sp. (Fig. 10 L), T. 
viride (Fig. 10 R) and R. bataticola (Fig. 11 L). Interestingly, Penicillium sp. being 
a strong antagonist, it produced a red pigment over the substrate in dual culture 
plate (Fig. 10 L). 
The growth of B. bassiana was suppressed by almost all the soil fungi except 
interaction with A. chevalieri under test (Table 28). Reduction in growth was 
highest due to Penicillium sp. (Fig. 12 L) followed by R. bataticola (Fig. 13 L), T. 
viride (Fig.12 R) and A. niger (Fig.13 R) showing 78.68, 70.68, 65.32 and 50 
per cent growth inhibition, respectively. A growth inhibition of 4.68 - 13.32 per 
cent was also recorded when B. bassiana was cultured in association within 
species of Fusarium under study. 
In general, growth of the soil fungi (antagonist) was not affected with the 
interaction of B. bassiana. However, a slight reduction of 8.54 and 5.41 per cent 
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FIG. 12 :Growth of Beauveria bassiana almost completely masked 
by the Penicillium sp. (a) (Left). Suppression of Beauveria 
bassiana (p) by Trichoderma viride (a) (Right). 
13: Suppression of Beauveria bassiana (p) by Khizoctoma 
bataticola (a) (Left). Suppression of Beauveria bassiana (p) 
by Aspergillus niger (a) (Right). 
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was recorded in case of A. niger and A. chevalieri respectively. None of the 
interaction was able to form the zone of inhibition. Colony characters noted in 
dual culture plates showed that growth of the antagonists was fast and 
restricted the growth of the test pathogen. But, the growth of the test fungus 
was normal when grown in association with A. chevalieri. Penicillium sp. in 
addition to its antagonistic activity against B. bassiana, produced a red pigment 
over the substrate (Fig. 12 L). 
For B. brongniartii, the antagonistic effect of certain soil fungi was apparent. 
The growth of the pathogen was greatly affected by 7 viride, Penicillium sp. 
and R. bataticola, exhibiting the growth inhibition of 59.22 (Fig. 14 R), 49.98 
(Fig.14 L) and 43.42 (Fig.15 L) per cent, respectively (Table 29). A slight 
inhibition of 9.86 and 3.95 per cent due to A. niger (Fig. 16 R) and F. oxysporum 
(Fig. 16L) was also noted. However, F. moniliforme, F. chlamydosporum (Fig. 
15R) and A. chevalieri did not affect the growth of this pathogen. 
Except Penicillium sp., T. viride and R. bataticola, the growth of all other soil 
fungi was affected due to their interaction with B. brongniartii. Maximum growth 
reduction (50 - 58.29 %) was recorded in Fusarium spp. A. niger and A. 
chevalieri have also exhibited a slight growth reduction of 3.75 and 5.16 per 
cent in dual culture. Small zones of growth inhibition (1 mm) were formed in the 
area of 6. brongniartii when grown in association with 7. viride (Fig. 14 R) and 
R. bataticola (Fig. 15 L). However, zone of inhibition (1.5 - 5.0 mm) were also 
produced in the growth areas of certain soil fungi. The largest Zl of 5 mm was 
formed in A. niger (Fig. 16 R) followed by F. oxysporum (Fig. 16 L), F. 
moniliforme, F. chlamydosporum (Fig. 15R). No Zl was seen in A. chevalieri. 
Colony characters described in Table 29 revealed that strongly antagonistic 
103 
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FIG. 14: Suppression of Beauveria brongniartii (p) by Penicillium 
sp. (a) (Left). Suppression of Beauveria brongniartii (p) by 
Trichoderma viride (a) (Right). 
FIG. 15: Suppression of Beauveria brongniartii (p) by Rhizoctonia 
bataticola (a) (Left). Suppression of Fusarium 
chlamydosporum (a) by Beauveria brongniartii (p) (Right). 
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fungi except Penicillium, grew very fast and restricted the growth of the test 
fungus. On the contrary, all the Fusarium spp. and A. chevalieri were over 
grown by the test fungus and restricted their growth. However, interaction 
between S. brongniartii and A. niger resulted in growth inhibition of both the 
fungi simultaneously in dual culture, but with slight growth reduction of each 
other and with the formation of prominent Zl at their contact point (Fig. 16 R). 
Of the eight soil fungi, Penicillium sp., T. viride and R. bataticola showed a 
strong antagonistic activity against all the three entomopathogenic fungi. In 
general, Penicillium sp. was found more dangerous, reducing the growth of 
pathogenic fungi to 8.0 mm closely followed by T. viride and R. bataticola with 
reduced growth of 9.7 and 10.5 mm, respectively over 21.70 mm in control. 
However, other soil fungi did not affect the growth of the pathogenic fungi 
(Table 30). 
As a result of interaction between soil fungi and pathogens, growth of soil fungi 
was also suppressed by the entomopathogens, when grown in dual culture. The 
growth of T. viride, R. bataticola and Penicillium sp. was not at all inhibited by 
any of the entomopathogens. Whereas, A. niger and A. chevalieri were slightly 
suppressed by all the three pathogens (Table 31). However, M. anisopliae 
reduced the growth of F. chlamydosporum, F. moniliforme and F. oxysporum 
significantly, it was being 55.83, 53.17and 72.50 mm as compared to 80 mm in 
their controls. B. bassiana did not suppress the growth of any soil fungi except 
a slight inhibition of A. niger and A. chevalieri while B. brongniartii reduced, by 
exhibiting mean growth values of 30.33, 40.00 and 38.17 mm of F. 
chlamydosporum, F. moniliforme and F. oxysporum, respectively against 80 
mm growth in their controls (Table 31). 
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FIG. 16: Suppression of Fusarium oxysporum (a) by Beauveria 
brongniartii (p) (Left). Suppression of Aspergillus niger (a) 
by Beam eria brongniartii (p) (Right). 
FIG. 17: Suppression of Beauveria brongniartii (p) by Metarhizium 
anisopliiw (p) (Left). Suppression of Beauveria bassiana 
(p) by Beauveria brongniartii (p) (Right). 
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5.2 Interaction with entomopathogenic fungi 
Behaviour of known entomopathogens among each other revealed that M, 
anisopliae suppressed the growth of B. brongniartii by 25 per cent (Fig. 17 L) 
and B. bassiana 40 per cent (Table 32). Likewise, the growth of B. bassiana 
was also inhibited (40 %) by B. brongniartii (Fig. 17 R). A distinct zone of growth 
inhibition was formed in the area of B. brongniartii when cultured in association 
with M. anisopliae (Fig. 17 L). 
6. MULTIPLICATIC N, FORMULATION AND SHELF LIFE OF 
entomopathogenic 
ENTOMOPATHOGENS 
6.1 Multiplication 
On the basis of results of liquid media, molasses yeast broth medium was 
selected for mass multiplication of Metarhizium and Beauveria spp. Culturing of 
fungi on 200 ml broth contained in 1 litre capacity 
Erlenmeyer flasks levealed that B. brongniartii (Bbr-1) produced more number 
of conidia followed by B. bassiana (Bb-3) and M. anisopliae (Ma-4) after 25 
days of incubation at their suitable temperatures. The conidal counts in the 
slurry of Bbr-1, Bb-3 and Ma-4 were noted to be 2X109, 1X109 and 8X108 
conidia ml'1, respectively. 
Apart form this, pathogenic fungi were also mass multiplied on grain media. M. 
;ultured for 25 days on crushed maize grain medium in poly 
gs (Fig. 18), yielded a grain spore dust of 2X109 conidia g"1 
anisopliae (Ma-4) 
propylene (PP) b; 
dry weight. Wherejas spore production in B. bassiana (Bb-3) and B. brongniartii 
(Bbr-1) on cowpei whole grains (Fig. 19) was 1.5 x 109 and 1.8 x 109 conidia g" 
dry grain weight. 
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8. popilliae (Bp) cultured in the body (Fig. 20) of the third instar grub (H. 
consanguinea) and crushing of 50 infected grubs in 600 ml of sterilized water 
produced 7.5x108 bacterial cells ml"1. 
6.2 Formulations 
After incorporating fungal biomass along with molasses yeast broth into the 
carrier (talc powder) in proportions of 1:4, 1:2 and 1:2, the final mycoinsecticide 
formulations of 5x108, 5x108 and 4x108 conidia g'1 were obtained in Bbr-1, Bb-
3 and Ma-4, respectively. Similarly, formulations of all the three fungi by using 
grain spore dusts in the ration of 1:3 - 1:5 were prepared in order to obtain the 
final product of 4 - 5x108 conidia g"1. 
By mixing the bacterial (Bp) suspension of 7.5 x 108 bacterial cells ml'1 into the 
talc carrier in the ratio of 1:3, a dust formulation of 2.5 x 108 cells g'1 was 
achieved. 
Table 33 : Spore production of different entomopathogens when 
cultured on their suitable media 
Pathogen 
A ) On liquid medium 
M. anisopliae (Ma-4) 
B. bassiana (Bb-3) 
B. brongniartii (Bbr1) 
B) On grain medium 
M. anisopliae (Ma-4)a 
B. bassiana (Bb-3)b 
B. brongniartii (Bbr1)c 
C) In host body 
B. popilliae (Bp) 
Spore strength in 
unformulated product 
(mr1/org-1) 
8x108 
1 x 109 
2x109 
2x109 
1.5x 109 
1.8 x 109 
7.5 x108 
Spore strength in 
formulated product 
(g-1) 
4x10 8 
5x108 
5x108 
4x10 8 
5x 108 
4.5 x 108 
2.5 x108 
a = cultured on crushed maize grains ; b and c = cultured on whole cowpea grains 
Results 
FIG. 18: Multiplication of Metarhizium anisopliae on crushed maize 
grain medium in polypropylene bags. 
P< (J? 
I —"—-
FIG. 19: Multiplication of Beauveria spp. on whole cowpea grams 
FIG. 20: Multiplication of Bacillus popilliae in the body of 
Holotrichia consanguinea showing milky disease symptoms 
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6.3 Shelf life of fungal formulations 
The data presented in Table 34 indicated that survival of entomopathogenic 
fungi increased with the decrease of the storage temperatures. In M. anisopliae 
survival of conidia was recorded at all the three temperatures when formulation 
stored up to 180 days. However, colony forming units (cfu) per plate was 
maximum (140x106) at deep freezer (Fig. 23) storage followed by refrigerator 
(100x106) and room temperature (8x106) after 180 days of storage. At room 
temperature (Fig. 21), a sharp decline in conidial viability from 375 to 176 cfu 
was observed after 60 days of storage, whereas at lower temperatures 
reduction in cfu was gradual. 
In B. bassiana, longevity of the conidia was comparatively very low. At room 
temperature (Fig. 21) it was recorded up to 90 days of storage, while at low 
storage temperature it prolonged up to 120 and 150 days at refrigerator (Fig. 
22) and deep freezer (Fig. 23) temperatures respectively. After 30 days of 
storage, a sharp fall (234 to 46 cfu) in conidial viability was recorded at all the 
temperatures. 
In B. brongniartii, conidia survived at room temperature up to 120 days, while 
at lower temperatures survival prolonged up to 180 days. Conidial viability 
declined abruptly after 60 and 90 days at room temperatures (Fig. 21) and 
refrigerated temperatures 135-50 and 242 to 75 cfu, respectively. But in deep 
freezer storage (Fig. 23), reduction in conidial viability was gradual and retained 
the viability up to 180 days. 
Results 
30 60 90 120 
Storage period in days 
150 
Fig . 21 : Survival of Ma-4, Bb-3 & Bbr-1 at room temperature (17.9 - 36.7 to 
24.8 -41.7 °C) 
60 90 120 
Storage period in days 
180 
Fig.22: Survival of Ma-4, Bb-3 and Bbr-1 at 4°C (refrigerator) 
Results 
-Ma-4 
-Bt>-3 
-Bbr-1 
0 L. 
0 30 60 90 120 
Storage period in days 
Fig. 23: Survival of Ma-4, Bb-3 and Bbr-1 at -20 +_2°C (deep freezer). 
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Table 34 : Survival of entomopathogenic fungi in talc dust 
formulations stored at three temperatures* 
Storage 
period 
(days) 
0 
30 
60 
90 
120 
150 
180 
• RT = roc 
Mean cfu per plate ( x 10"b) at different storage temperatures 
M. anisopliae 
RT 
>500 
400 
375 
176 
98 
57 
8 
m temp 
R 
>500 
440 
387 
313 
200 
167 
100 
srature ( 
DF 
>500 
500 
490 
465 
395 
250 
140 
17.9-36 
B. bassiana 
RT 
400 
234 
46 
7 
-
-
-
.7 to 2t 
R 
425 
315 
112 
55 
12 
-
-
.8-41J 
DF 
415 
389 
160 
78 
49 
16 
-
'°C), R 
S. 
RT 
450 
270 
135 
50 
3 
-
-
= refrigerj 
brongniartii 
R 
458 
303 
268 
242 
75 
43 
8 
3tor(4±1°C 
DF 
455 
387 
340 
290 
187 
100 
20 
). 
DF = deep freezer (-20± 2°C) 
7. EFFICACY OF ENTOMOPATHOGENS 
7.1 Efficacy of entomopathogenic fungi against beetles 
7.1.1 Inoculum through insect body 
Data on bioeffficacy of entomopathogenic fungi against beetles revealed that M. 
anisopliae and B. brongniartii were highly effective against H. consanguinea 
and M. insanabilis as compared to B. bassiana (Table 35) when inoculum was 
applied through insect body. M. anisopliae required a minimum time for 
complete mortality of 10 and 9 days in case H. consanguinea and M. insanabilis 
with LT50 values of 6.02 and 4.84 days, respectively. 
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7.1.2 Inoculum through soil 
Of the four entomopathogens, applied through soil, M. anisopliae was found 
most potential exhibiting 72 and 100 per cent mortality in H. consanguinea and 
M. insanabilis with in 20 days of inoculation, respectively (Table 36). The 
corresponding LT50 values for these species were 16.92 and 10.34 days. 6. 
brongniartii was next to it {M. anisopliae) in the merit of efficacy, which caused 
52 to 88 per cent mortality within 20 days of inoculation with their median lethal 
time of 17.47 and 10.56 days in respect of H. consanguinea and M. insanabilis, 
respectively. B. bassiana was comparatively weak in response showing LT50 
values of 24.29 and 17.09 days for H. consanguinea and M. insanabilis. 
7.2 Efficacy of entomopathogens against grubs 
7.2.1 Inoculum through insect body 
Susceptibility to M. anisopliae : Data presented in Table 37 indicate that time 
taken to cause 100 per cent mortality in first instar of H. consanguinea and M. 
insanabilis were ranged from 5 to 10 and 4 to 7 days with corresponding LT50 
values of 2.79 to 6.09 and 2.60 to 4.65 days, respectively. The mortality period 
increased with the decrease in inoculum dose of the pathogen (M. anisopliae). 
In second and third instars, higher mortality period was recorded as compared 
to first instar. In second instar, 100 per cent mortality occurred between 9 to 21 
and 8 to 18 days in case of H. consanguinea and M. insanabilis, respectively, 
whereas their corresponding LT50 values were from 3.54 to 9.23 and 3.52 to 
8.11 days. Similarly for third instar of both the insects, period for 100 per cent 
mortality required was from 14 to 29 and 10 to 21 days with LT50 values of 7.94 
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FIG. 24: Beetles of Holotrichia consanguinea infected with 
Beauveria bassiana (Left), Beauveria brongniartii (Middle) 
and Metarhizium anisoliae (Right). 
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to 15.65 and 3.85 to 11.62 days respectively when exposed to different doses 
of inoculum (Fig. 25 & 26). The higher dose always provided quick mortality 
irrespective of any stage of larva. 
Susceptibility to B. bassiana : Table 38 indicates that first instar of H. 
consanguinea and M. insanabilis required relatively longer time of 12 to 20 and 
10 to 15 days for their complete mortality with median lethal time for 50 per cent 
kill of 6.83 to 11.90 and 5.57 to 9.48 days, respectively. For second and third 
instars of H. consanguinea and M. insanabilis, time required to cause 100 and 
50 per cent mortality was increased progressively. The median lethal time (LT50 
values) for H. consanguinea and M. insanabilis were 9.19 - 18.09 and 6.01 -
14.26 days for second instar while 14.01 - 35.21 and 10.41 - 21.25 days for 
third instar, respectively. M. insanabilis was more susceptible to B. bassiana as 
compared to H. consanguinea as it took less time to cause mortality when 
exposed to the different doses of the test pathogens. 
Susceptibility to B. brongniartii: Data presented in Table 39 revealed that B. 
brongniartii caused complete mortality from 6 to 10 and 5 to 10 days in case of 
first instar larvae of H. consanguinea and M. insanabilis, respectively, whereas 
median lethal time values for first instar larvae of both the species were 
recorded to 3.40 to 5.69 and 2.93 to 5.80 days. The corresponding 100 per cent 
kill values in second and third instar grubs were 10 to 25 and 8 to 16 (second 
insatr) while 13 to 33 and 12 to 24 days (third insatr) in respect of H. 
consanguinea and M. insanabilis, respectively. The median lethal time for H. 
consanguinea and M. insanabilis were 4.98 to 13.33 and 3.94 to 8.09 for 
second instar and 6.53 to 15.66 and 5.19 to 14.56 days for third instar 
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respectively when exposed to 5.8 x106 to 5.8 x108 conidia ml'1. The test 
pathogen caused fast mortality to M. insanabilis (Fig. 28) than to H. 
consanguinea (Fig. 27). 
7.2.2 Inoculum through soil 
Susceptibility to M. anisopliae : Response of M. anisopliae tested against H. 
consanguinea and M. insanabilis revealed that mortality period decreased with 
the increase in concentration of the inoculum irrespective of different larval 
stages (Table 40). First instar stage require less time to kill as compared to 
second and third instars. For H. consanguinea 13, 18 and 28 days were 
required for 100 per cent kill of first, second and third instars, respectively when 
they were exposed to highest dose of 4 x 107 conidia g'1 of M. anisopliae, 
where as the corresponding LT50 values were 5.87, 8.30 and 16.20 days. 
Similarly in case of M. insanabilis, minimum kill time was observed with the 
highest dose of the inoculum and it was increased with decreasing inoculum 
concentrations. For 100 per cent mortality 8, 15 and 21 days were required with 
mean lethal time of 4.28, 6.55 and 7.95 days for first, second and third instar, 
respectively when they were exposed to highest concentration (4x107 g"1) of M. 
anisopliae (Fig. 25 &26). 
Susceptibility to B. bassiana : B. bassiana took comparatively longer time to 
cause mortality in different larval stages of both the white grub species (Table 
41). The lowest concentration of this fungus (5x106 g'1) failed to cause any 
mortality in third instar larvae of both, H. consanguinea and M. insanabilis. In 
H. consanguinea 18, 26, 39 days were taken to cause complete mortality with 
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FIG. 25: Developmental stages of Metarhizium anisopliae on 
infected grubs of Holotrichia consanguinea. 
FIG. 26: Developmental stages of Metarhizium anisopliae on 
infected grubs of Maladera insanabilis (2- 5 Right) and 
healthy (1 Left). 
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corresponding LT50 values of 10.23, 14.83 and 18.92 days for first, second and 
third instars on inoculation with the highest dose (5x107 g'1), respectively. The 
mortality period increased progressively with the lowering of the inoculum 
concentration. For M. insanabilis the test fungus took lesser time to cause 
mortality in all the three larval stages. For 100 per cent kill 11, 19 and 29 days 
with median lethal time of 7.34, 8.32 and 13.32 days, respectively were 
required for first, second and third instars with highest dose of the pathogen. 
Susceptibility to B. brongniartii : Data depicted on susceptibility of hi. 
consanguinea and M. insanabilis to B. brongniartii in Table 42 indicate that the 
fungus was highly effective against different larval stages of both the species 
(Fig. 27 & 28). The efficacy of this pathogen was comparable with that of M. 
anisopliae. In H. consanguinea, a minimum period of 13, 21 and 27 days for 
100 per cent mortality and 5.97, 11.61 and 13.98 days for 50 per cent kill in 
first, second and third instar grubs, respectively were required when exposed to 
highest dose (5x 107 g"1) of inoculum. In M. insanabilis the test fungus required 
comparatively less time to cause 100 per cent and 50 per cent mortality to all 
the stages of the insects. 
Susceptibility to B. popilliae : Unlike fungal pathogens, S. popilliae required 
more time to cause disease in the grubs of both the species (Table 43). Milky 
disease symptoms did not develops in case of first instar larvae of/ieitherof the 
insect species. Whereas second and third instar of these species showed 
susceptibility to the bacterial pathogen and disease symptoms started 
developing after 20 days of inoculation. After 30 days of inoculation 57 and 54 
per cent second instar grubs of H. consanguinea and M. insanabilis, 
123 
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FIG.27: Developmental stages of Beauveria brongniartii on infected 
grubs of Holotrichia consanguinea (2- 4 Right) and healthy 
(1 Left). 
FIG. 28: Developmental stages of Beauveria brongniartii on infected 
grubs of Maladera insanabilis (2- 5 Right) and healthy 
(1 Left). 
Results 
FIG. 29: Third instar of Holotrichia consanguinea showing 
symptoms of milky disease bacterium (Bacillus popilliae) 
>:,. 
FIG. 30: Third instar of Maladera insanabilis showing symptoms of 
milky disease bacterium (Bacillus popilliae). 
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Table 43 : Susceptibility of H. consanguinea and M. insanabilis 
to different doses of Bacillus popilliae by soil 
inoculation method 
Larval 
instar 
First 
Second 
Third 
Dose 
(spores g'1) 
2.5x107 
2.5x106 
2.5x10r 
2.5x106
 4 
2.5x107 
2.5x106 
Symptoms developed after days 
H. consanguinea 
20 
0 
0 
15 
0 
25 
10 
30 
0 
0 
57 
29 
61 
33 
40 
0 
0 
57 
29 
61 
33 
20 
0 
0 
13 
5 
18 
8 
M. insanabilis 
I . 3 0 | 
0 
0 
54 
20 
57 
19 
40 
0 
0 
54 
20 
58 
20 
respectively developed the disease symptoms when they were exposed to 
higher dose (2.5x107 g'1) of inoculum, while in third instar grubs, percentage 
diseased insects were being 61 and 57 at the same dose of inoculum in both 
the species. At lower dose (2.5x106 g"1), percentage disease incidence reduced 
to about 50 per cent in second (20-29) and third (18-33) instars of H. 
consanguinea and M. insanabilis. 
DISCUSSION 
Discussion 1<25 
Germination 
Of three different treatments (distilled water, 2 and 5 per cent sucrose solutions), 
5 per cent sucrose solution was found superior over 2 per cent sucrose solution 
and distilled water for germination of M. anisopliae. These findings are in 
consonance with that of Dillon and Charnely (1990). They reported that spores 
of M. anisopliae failed to initiate spherical growth in distilled water. However, a 
prolonged period of soaking (up to 20 h) in distilled water accelerated spherical 
growth and germ - tube formation once a nutrient was provided. Hall et al. 
(1994) reported the influence of culture age on rate of conidial germination in 
Deuteromycetous entomogenous fungi. Unlike M. anisopliae, highest conidial 
germination was obtained on distilled water in different isolates of 8. bass/ana 
which decreased significantly with 2 and 5 per cent sucrose solution. However, 
in case of Bbr-1 conidial germination did not vary with the treatments. This 
shows that for conidia of Beauveria spp. no extra source of nutrients was 
required for initiation of germination. The reserve food present in the body of 
conidia may probably be adequate to initiate their germination. In the present 
study, some isolates ( Ma-4, Bb -3 and Bbr-1) showed higher germination over 
others within the same treatment, indicating their high viability or ability to 
germinate and eventually high virulence against their target pest. 
Liquid media 
The media containing same source of carbon or nitrogen may not be equally 
good for growth and sporulation of a fungus. It is also not necessary that a 
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medium which is good for growth may also be good for sporulation or vice -
versa. Source of carbon and nitrogen in a liquid medium determines the growth 
and sporulation in M. anisopliae (Li and Holdom, 1995). In the present study, 
Richards' medium supported an excellent growth of M. anisopliae but did not 
produce good sporulation. Whereas in other media having same source of 
carbon that is sucrose had produced good growth and good sporulation. The 
molasses yeast broth having same source of carbohydrate but in crude form 
(Gur) produced good growth and highest sporulation in all the three 
entomopathogens [M. anisopliae, B. bassiana, B. brongniartii) under test. This 
may probably be due to yeast extract (0.5 %) as a source of nitrogen in the 
medium. This is in accordance with the findings of Rombach (1989) who 
reported that conidia production and hyphal growth of B. bassiana were the 
highest in the medium containing 2 % sucrose and 0.5 % yeast extract. 
Whereas high amount of sucrose (2.5 %) and yeast extract (2.5 %) enhanced 
the hypal growth only. Molasses yeast medium had also been found superior for 
excellent sporulation in Trichoderma sp. (Jeyarjan ef at., 1994), an antagonist to 
plant pathogens. Sabouraud's dextrose was at par to molasses yeast in growth 
and sporulation for all the fungi. Li and Holdom (1995) found that soluble starch 
and soy peptone used as a source of carbon and nitrogen in a agar medium 
supported highest growth and sporulation in M. anisopliae, however we did not 
use this combination in any of the medium tested. Good growth and sporulation 
in M. anisopliae and Beauveria spp. with Sabouraud's liquid medium might be 
due to presence of peptone as a source of nitrogen. 
t 
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Agar media 
On agar media, trend of growth in test fungi measured in terms of colony 
diameter was different than it was in liquid media. Semi - synthetic media like 
potato dextrose agar (PDA) and tapioca potato dextrose (TDP) supported 
maximum growth for all the isolates of M. anisopliae over carbohydrate rich 
synthetic media like Richards', Czapek's and Sabouraud's. In case of B. 
bassiana and S. brongniartii, higher growth was measured on all the agar 
media except the Richards' medium. It is mainly because colony density or 
thickness are not measured on agar medium (Li and Holdom, 1995). Because of 
this reason, Richards' medium despite supporting the highest growth in liquid 
medium exhibiting poor growth on agar medium. However, trend of sporulation 
on agar media was same as in liquid media. The highest sporulation was 
obtained either on Sabouraud's agar (M. anisopliae) or on molasses yeast agar 
{Beauveria spp.). High spore production of M. anisopliae on Sabouraud's agar 
medium is in conformity of the findings of Daoust and Roberts (1983). 
Grain media 
All the isolates sporulated moderate to profusely on barley, chickpea, cowpea, 
maize, pearlmillet, rice, sorghum and wheat whole grain substrates. In the 
present investigation, media requirement differed slightly for isolate to isolate. In 
general, pearl millet whole grain medium yielded the highest sporulation in case 
of Ma-3 and Ma-4 isolates, while chickpea and sorghum were better for other 
isolates (Ma-1 and Ma-2). Earlier, a culture medium containing 6 per cent of rice 
(Frigo and Lucio - de - Azevedo, 1986) and use of coarse grain rice rather than 
the whole grain rice (Quintela, 1994) were found superior for high conidia 
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production in M. anisopliae. Similarly, rice media used in plastic trays and then 
inoculating with mycelia had produced x1010 conidia g'1 (Alves and Pereira, 
1989). Daoust and Roberts (1983) obtained the highest yield of conidia on rice 
with water content of 200 per cent. 
All the isolates of B. bassiana and B. brongniartii sporulated on eight whole grain 
media used under study. However, rice ( 7.56x107 - 3.05x108 g"1) and cowpea 
(2.54 x107- 6.34x108g'1) grain substrate supported the highest sporulation. The 
highest spore production on rice grain substrate is in conformity to the findings 
of Frigo and Lucio - de - Azevedo (1986). Aregger (1992) reported the best 
sporulation of B. brongniartii on whole barley grains after 14 days of incubation. 
In the present study, though adequate sporulation was achieved on barley 
grains, but it was less (1.24x108 g'1) as compared to cowpea grain (6.34x108 g' 
1). This may probably be due to difference in water content of the grains and the 
incubation period. Apart form this, differential response of media may be 
attributed to either differential behaviour of isolates, different techniques of 
culturing, length of incubation and moisture content of the medium. 
Temperature 
M. anisopliae could grow at the range of 18 to 40 °C, but 28 °C was optimal for 
growth and sporulation of all the four isolates. This was closely followed by 25 
and 22 °C. The optimum temperature for growth of M. anisopliae was 27-28 °C 
(Burges, 1981); 20-30 °C (Glare and Jackson, 1992); 27.5 °C (Mietkiewski era/., 
1994) and 28 °C (Sharma ef a/., 1998). Temperatures below 20 °C and above 
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35 °C were not suitable for sporulation in the present isolates. Similarly, Walstad 
et al. (1970) found that spores of M. anisopliae did not sporulate at temperatures 
below 10 °C or above 35 °C. According to them most rapid sporulation occurred 
at 30 °C, in vitro, Maximum growth of M. anisopliae occurred at 25 °C with upper 
temperature limits of 28 - 37 °C. (Fargues et al., 1992). However, selected 
strains of M. anisopliae have also been reported which could tolerate 
temperatures below 15 °C (Milner, 1989) and as low as 5 °C (Rath et al., 1989). 
In the present study, a temperature below 18 °C, was not tried hence it is 
difficult to infer that the isolates tested were not able to resist the lower 
temperatures. The growth at 40 °C was significantly more over the lowest 
temperature of 18 °C which indicates that the isolates tested in present case had 
a tendency to tolerate high temperatures. However, Rath ef al. (1989) have 
reported an optimum growth temperature of 22 °C for one of the four Australian 
isolates of M. anisopliae, which could even grow at very low temperature of 5 
°C. This might be due to either variation in strains or different cultural conditions. 
Sporulation in all the four isolates of M. anisopliae was found maximum at 28 °C 
and none at 18, 35 and 40 °C in the present investigation. 
Similarly, B. bassiana isolates could grow at 18-40 °C, but 20-28 °C were 
significantly superior over 18, 35 and 40 °C. The growth at 20, 22, 25, and 28 °C 
was statistically at par with each other, supporting the findings of Walstad et al. 
(1970), Burges (1981), Fargues et al. (1992), Metkiewski ef al. (1994) and 
Sharma et al. (1998). In the present study, sporulation in all the three isolates 
was maximum at 25 °C followed by 22, 28 and 20 °C in pathogenic isolates of 
Bb-3 and Bb-1. The absence of sporulation at 35 and 40 °C indicates that 
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Beauveria isolates can not resist to higher temperatures. This finding is in 
consonance with the results of Walstad et al. (1970). Kuberappa and 
Jayaramaiah (1987) have reported that 20-30 °C was the optimum for growth, 
sporulation and development of B. bassiana . For the growth of S. brongniartii 
28 °C was the optimum, but maximum sporulation occurred at 22 °C. Ferron 
(1967) reported that 23 °C was the optimum temperature for vegetative growth 
as well as for infection of Melolontha melolontha with B. brongniartii . The 
mortality of Rhizotrogous majalis due to S. brongniartii has been reported to 
be significantly higher in soil at 21 °C than at 27 °C (Krueger et al., 19jM). The 
optimum temperatures required for infection of M. melolontha and R. majalis are 
in accordance with the optimum temperatures of 22 °C required for sporulation 
of B. brongniartii in the present study. 
Hydrogen - ion concentration (pH) 
Effect of eight pH (4.5 - 8.0) on four isolates of M. anisopliae revealed that 
maximum growth and sporulation occurred at pH 6.0 - 6.5, closely followed by 
the growth at 7.0 pH and the least growth was obtained at pH 4.5 while none of 
the pH was found to be inhibitory for growth of any of the isolates. Data on pH of 
the filtrate recorded after 15 days of incubation revealed that the original pH 
were changed at all the levels. Change in pH of the filtrate was more 
pronounced in higher (7.0 - 8.0) original pH than the change in lower pH levels 
(4.5 - 5.5). This indicates that the pathogens can not grow in too acidic or too 
alkaline pH medium. Higher growth and sporulation were recorded at pH, close 
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to neutral (6.0 - 6.5) and this level remained unchanged with the result of growth 
of the pathogen. 
Likewise, pH level of 6.5 was found most favourable for growth and sporulation 
of 8. bassiana and 8. brongniartii. The requirement of pH did not vary among 
the isolates. Significantly less growth at 4.5 and 8.0 indicates that acidic and 
alkaline medium were not suitable for growth of the Beauveria isolates used 
under this study. The original pH of the medium changed after growth of the 
pathogen in all the isolates. The pH adjusted between 4.5 - 5.5 increased from 
5.0 - 6.5 in the filtrate, whereas, original pH adjusted between 7.0 - 8.0 fell 
sharply in the filtrate, this further indicates that Beauveria isolate can be grown 
at pH near to neutral (6.0 - 6.5), as their was no change in original pH of 6.0 and 
6.5. Similarly, trend of growth at various pH levels and shift in pH after growth 
were obtained by Galani (1987) in case of 8. bassiana. 
Relative humidity (RH) 
In general, growth of Metarhizium isolates occurred over a range of 33 - 98 per 
cent, but 53 per cent RH was found optimum for growth of all the isolates. Like 
M. anisopliae, a RH level of 53 per cent was also optimum for the growth of 
Beauveria isolates. 
Conidia of E9 strains of M. anisopliae were most susceptible to RH values of 33 ' 
per cent, while 75 per cent RH was found detrimental to spores of other strains. 
Clerk and Madelin (1965) found that isolates of M. anisopliae to be most 
susceptible to RH values between 40 and 50 per cent. Merck and Fergus (1954) 
also investigated that viability of conidia decreased with increasing levels of RH. 
In present study, though no definite trend was observed, yet the highest growth 
Discussion 132 
of all the entomopathogens at 53 per cent RH level is in consonance of the 
earlier studies on RH. Therefore, RH is not likely to affect the efficacy of 
entomopathogens, Metarhizium and Beauveria spp. to infect or kill the insects. 
Pathogenicity 
The pathogenicity of four isolates of M. anisopliae (Ma-1, Ma-2, Ma-3, Ma-4), 
three isolates of B. bassiana (Bb-1, Bb-2, Bb-3) and one of 8. brongniartii was 
tested against H. consanguinea and M. insanabilis, using lab plate method 
(Gupta et al., 1998). Ma-4, Bb-3 and Bbr-1 isolates of M. anisopliae, B. bassiana 
and B. brongniartii, respectively were found most virulent and cause 100 per 
cent mortality with in one weak time. Even the weakest isolate (Bb-2) took 13 
days in causing mortality, showing the effectiveness of the test procedure. This 
shows that a considerable variations exists among the isolates. Earlier, such 
type of variations have been reported in Metarhizium (Samuel, 1989; Poprawski 
and Yule, 1991; Gupta ef a/., 1998) and Beauveria isolates (Ferron, 1981; Li, 
1988; Poprawski and Yule, 1991, Khachatourians, 1992, Shimazu, 1994; Gupta 
etal., 1998). 
The simplicity of this procedure indicates its potential usefulness in the 
evaluation of entomogenous micro - organisms and the fungi attacking scarabs. 
The advantage include, large scale testing of diverse fungi isolated from insects 
and soil samples with in a short period of incubation without requiring any extra 
laboratory space. Laboratory methods for establishing pathogenicity of B. 
bassiana and M. anisopliae on Culex tritateniorhynchus and Aedes aegypti 
(Sandhu et. al., 1993 ) and B. bassiana on different stages of rice hispa on plant 
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host (Puzari et a/., 1994; Hazarika and Puzari, 1995) have been tried but no 
information is available for testing large number of isolates of these pathogens 
against scarabs. 
Compatibility 
M. anisopliae was found more tolerant to all insecticides than to the fungicides. 
Blitox -50 (Copper oxychloride) and azadirachtin were very well tolerated even at 
2000 ppm concentration. Whereas, kavach, ridomil MZ, thiram, dithane M -45, 
chlorpyriphos and monocrotophos were tolerated well at lower concentrations. 
Compatibility of M. anisopliae with contact fungicides like blitox (copper 
oxychloride) and thiram (TMTD) are in agreement with the result of Duarte and 
Menendez (1989). In general, tolerance of the pathogen to a particular pesticide 
was dependent on its concentration. Increasing the concentration of the 
chemicals, caused significant reduction in fungal growth rate. Bavistin and 
endosulfan were found inhibitory to the fungal growth {M. anisopliae) by more 
than 50 per cent at lower concentrations, their contact with Metarhizium is likely 
to be detrimental and it will be important to avoid such contact in the field. 
Toxicity of systemic fungicides like bavistin to M. anisopliae is in conformity to 
the earlier findings (Duarte and Menendez, 1989 ; Moorhouse et a/., 1992; Li 
and Holdom, 1994). However, tolerance to ridomil MZ at lower concentrations as 
also reported by Vainio and Hokkanen (1990) could be due to the component of 
mancozeb in the formulation. Kavach (chlorothalonil) was well tolerated by M. 
anisopliae but according to Moorhouse ef al. (1992), it inhibited the germination 
of Metarhizium conidia. Zimmermann (1975) also concluded that the 
germination of fungi was less sensitive to pesticides than growth. In contrast, 
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Hall (1981) found that germination of Verticillium lecanii was more sensitive. This 
partly supported the results of chlorothalonil in the present study. Difference in 
results may also be attributed to methods and doses of pesticides used. Tsai er 
a/. (1992) reported that chlorpyriphos had the most inhibitory effect on M. 
anisopliae while in the present study, it was mildly tolerated at lower 
concentrations. This was in agreement with the findings of Li and Holdom (1994) 
who indicated that lorsban (chlorpyrifos) could be tolerated by. Metarhizium 
anisopliae EF25 at lower concentrations. They have also reported differential 
response of a given pesticide to different isolates. 
Like M. anisopliae, B. bassiana could grow well on Czapek's agar medium 
amended with blitox - 50, azadirachtin and kavach and was highly sensitive to 
ridomil MZ and bavistin. Dithane M-45, thiram, monocrotophos, chlorpyriphos, 
quinalphos and endosulfan were however, moderate in tolerance. The result of 
Vainio and Hokanen (1990) indicated that ridomil MZ did not affect the growth of 
B. bassiana. Results of blitox - 50 are in agreement with that of Olmert and 
Kenneth (1974) and Malo (1993) in respect of B. bassiana. Toxicity of benomyl 
to B. bassiana has earlier been reported (Aguda et al. 1988 and Olmert and 
Kenneth, 1974). 
Blitox - 50 and azadirachtin were very well tolerated by the test pathogen even 
at the highest concentration of 2000 ppm. Toxicity of benomyl to B. brongniartii 
has been demonstrated by Zimmermann (1975). Thiram or mancozeb are 
generally used as seed treatment for the control of collar rot disease in 
groundnut, so the entomopathogens like Metarhizium and Beauveria could be 
used in 'conjunction with these chemicals. However, contact with bavistin 
(carbendazim) be avoided. Further study is needed to ascertain whether these 
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chemicals are toxic or compatible to entomopathogens in the field. Because 
addition of pesticides to media represents a severe test which, it could not 
normally occur in field conditions. 
Antagonism 
Soil micro - organisms interfere with the activity of pathogens directly by their 
growth inhibitory products, parasitism and indirectly by competitions for nutrients 
and oxygen (Sanford, 1926). 
Of the eight soil fungi, Penicillium sp., T. viride, R. bataticola showed a strong 
antagonistic activity against all the three entomopathogenic fungi under study. 
However, Penicillium sp. was found more dangerous, reducing the growth of 
pathogenic fungi form 50 - 79 per cent. In general, the highest suppression of 
growth was recorded in B. bassiana and lowest in M. anisopliae which indicates 
that the latter has the ability to resist with the antagonist as compared to the 
former. This study suggests that the presence of these antagonists in soil may 
reduce the population of the entomopathogenic fungi. P. urticae has been 
reported io be the major cause in reduction of level of inoculum of S. bassiana 
(Lingg and Donaldson, 1981). Penicillium, Trichoderma, and A. niger have also 
been reported as potential inhibitors against plant pathogen {Fusahum solani) by 
Sharma and Sen (1991). Entomopathogens among themselves were also found 
to compete with each other in the present study and thus can affect the efficacy 
of potential bioagent. 
Conversely, as a result of interaction between soil fungi and entomopathogens, 
growth of soil fungi was also suppressed by the entomopathogens, when grown 
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in dual culture. The growth of T. viride, R. bataticola and Penicillium sp. was not 
at all inhibited by any of the entomofungi. However, other soil fungi were 
markedly suppressed by M. anisopliae and B. brongniartii. However, B. bassiana 
did not suppress the growth of any of the test soil fungi, showing its poor ability 
to compete with saprophytic fungi. Some entomogenous fungi were reported to 
possess antibiotic properties against different common saprophytes (Walstad et 
a/., 1970). 
Behaviour of known entomofungi among each other revealed that M. anisopliae 
suppressed the growth of B. brongniartii by 25 per cent and that of B. bassiana 
by 40 per cent. B. bassiana was also suppressed by B. brongniartii. It suggests 
that a considerable antagonism also exists among different entomopathogenic 
fungi. Although results of in vitro studies were not always related to degree of 
antagonism observed in the field but they reflect the antagonistic potential of the 
micro - organisms. 
Multiplication and formulation 
M. anisopliae (Ma-4) mass multiplied on molasses yeast broth had produced 8 x 
108 conidia ml'1 when cultured on 200 ml broth in 1000 ml capacity Erlenmeyer 
flasks after 25 days of inoculation. It was interesting to note that under liquid 
media study, the spore production on 25 ml of the same medium (molasses 
yeast broth) in 100 ml cap. flasks was obtained only 3.5x107 conidia ml'1 as 
compared to 8.0 x 108condia ml'1 in 1000 ml flask. Less production of condia 
per ml in this study may probably be attributed to availability of less surface area 
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in 100 m! cap. flask for growth and sporulation of M. anisopliae. The high 
production of M. anisopliae was observed on YAA agar (Abali's, 1981) based on 
Ypss agar by Daoust and Roberts 1983). Therefore, the best conidial production 
in molasses yeast broth could be described due to the presence of yeast in the 
medium. In USSR, Metarhizium has been produced in two phase system (Goral 
and Lappa, 1973), the first phase involved submerged fermentation using com 
extract and molasses with continuous aeration. The mycelial mass was 
transferred into open pans which yielded 5 to 7.5x1012 g'1 of dried preparation. 
This further confirms the usefulness of the molasses medium employed in the 
present study. 
In case of B. bassiana and B. brongniartii, spore production (1 x 109 and 2 x 109 
conidia ml'1) was still higher on molasses yeast broth than it was in the M. 
anisopliae. Result of the present study are in consonance with the findings of 
Rombach et al. (1988, 1989), who investigated that a liquid medium containing 
sucrose and yeast extract produced maximum mycelial growth and many 
conidia of S. bassiana. 
The mass multiplication of entomofungi done on the grain media indicated that 
M. anisopliae produced maximum yield of conidia (2 x 109 g"1 ) on crushed 
maize grain medium. In the grain media study, though pearl millet grain 
produced the highest conidia but because of its sticky nature, the harvesting of 
condia from this medium became little difficult. Therefore, the next best maize 
grain medium was selected for mass multiplication of M. anisopliae. Secondly, 
use of whole grain .of maize in the grain media experiment may also be 
responsible for comparatively less conidial production. Therefore, use of 
crushed maize grain instead of whole grain in the mass multiplication might 
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have accelerated the conidia production. However, previous workers have 
reported that rice either used as a constituents of a medium (Moura Costa, 1974 
and Frigo and Lucio-de-Azevedo, 1986) or as a whole grain (Daoust and 
Roberts, 1983 and Quintela, 1994) provided the highest yield of M. anisopliae 
conidia. This indicates that the suitability of a particular grain medium may vary 
with differential requirements of the strains or due to difference in production 
technology used. Nevertheless, rice grains, in present grain media study was 
comparable with that of maize grain medium , yet maize grain medium was 
preferred because of its low cost and economic feasibility over rice grains. 
Grain media requirement varied among different species of fungal pathogens. 
For Beauveria spp. cowpea grain medium was proved best for their conidial 
production. 8. bassiana and 8. brongniariii mass cultured on cowpea grains 
filled in two kg. cap. polypropylene (PP) bags yielded 1.5 x 109 and 1.8 x 109 
conidia g'1 of dry grain weight, respectively in the present study. The conidial 
yield was much higher than that of the same grain media but used into 250 ml 
conical flasks instead of PP bags, in another experiment. In (china, substrates 
like steamed wheat bran, rice powder compost or ground corn stalks were used 
to inoculate with fermented cultures of 8. bassiana and found suitable for mass 
production of 8. bassiana (Hussey and Tinsley, 1981), whereas rice media in 
plastic bags used by Alves and Pereira (1989) were found more suitable for 
higher mycelial and conidial production (2x1011 conidia g"1) when mycelia 
developed in bags were transferred to plastic trays. 
For 8. brongniariii, most efforts have been directed towards blastospore 
production in deep tank fermentation even though, these spores were neither 
infectious nor persistent in the environment as that of true conidia (Ferron, 
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1974). In the present investigation, 6. brongniartii was also cultured on cowpea 
whole grains, which produced 1.8x109 conidia g'1 of dry weight. Aregger (1992) 
reported the high yield of 1x108 to 2x109 conidia g'1 on whole grains of barley 
and documented that yield of conidia depend mainly on the addition of water 
and the length of incubation. In the present study, whole ccwpea grains were 
preferred for mass mulltiplication of B. brongniatii as the whole grains of barley 
in our next experiment proved inferior to it in conidial production, yet, conidial 
production on whole grain barley was 1.2x108 g'1. However, spore production 
varied amongst the strains (Aregger, 1992). 
All varieties of B. popilliae are obligate pathogens that sporulate only in 
haemolymph of living scarabaeid (Steinkraus, 1959).Therefore, in the present 
study third instar grubs of H. consanguinea were used for mass multiplication of 
this bacterium. A spore suspension of 7.5 x 108 cells ml"1 was obtained by 
macerating the infected grubs in sterilized water. The concentration of the 
spores in the suspension could be increased or decreased depending on the 
number of infected grubs used and the volume made up. As high as two billion 
cells in each infected grub has been reported (Fleming, 1968). 
It is concluded that molasses yeast broth medium was found most suitable with 
regard to its low cost and easy preparation for mass multiplication of M. 
anisopliae, B. bassiana and S. brongniartii. Among the grains media, crushed 
maize grain for M. anisopliae and whole grains of cowpea for Beauveria spp. 
were the best for their mass production. However, further research is needed to 
pin point the various factors like moisture content, aeration, light, optimum 
amount of inoculum etc. which affects the conidial production. 
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Shelf life of formulation 
Shelf - life is considerd a pivotal factor that determines the commercial success 
of a biocontrol agent as well as its efficacy. Clarpk et al. (1968) considered that 
mycoinsecticide formulation could be successful if fungus conidia remained 
viable for 7 weeks. However, Couch and Ignoffo (1981) advocated a shelf life of 
12-18 months. In the present investigation, conidial survival was studied in 
myco-insecticidal formulation only upto six months. 
Of the three entomopathogens (M. anisopliae, B. bassiana and B. brongniartii), 
M. anisopliae had the ability to survive urito 180 days at three storage 
temperatures viz. room temperature, refrigerator and deep freezer. Earlier 
workers have also reported that conidia remained highly virulent at lower 
temperatures. Daoust and Roberts (1983) and Daoust ef al. (1983) working with 
the storage viability of unformulated conidia of M. anisopliae reported that as the 
temperature declined from 37 to 4°C, longevity of spore increased and remained 
virulent against Culex pipiens pipiens. On the other hand, Metarhizium conidia in 
dust formulations survived longer than unformulated conidia (Daoust et al. , 
1983), In the present study, survival period of Metarhizium conidia was longest 
at lower temperatures (4°C and -20°C) as compared to the room temperature 
(17.90 - 36.70 to 24.85 - 41.70 °C). These findings are in agreement with 
Daoust and Roberts (1983) and Abreu ef al. (1987). Studies also suggest that 
prolonged storage of conidial formulations at lower temperatures might retained 
infectivity against the test insects as was found with M. anisopliae against Culex 
pipiens by Daoust and Robert (1983). Retention of conidial viability in deep 
freezer was still higher than in a refrigerator at 4°C which corroborates the 
findings of Abreu etal. (1987.) 
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Survival period of 8. bassiana was shorter than M. anisopliae at all the three 
temperatures studied, however, it was higher at lower temperatures. Sandhu ef 
a/; (1993) found that conidia of 6. bass/ana survived longest at 0 to 20° C and at 
lower RH levels (0 - 53 %), but at higher temperature (30 - 40° C) conidia did not 
survive. 
In the present study, role of different RH was not studied and only dry 
formulations were stored at different temperatures. Higher temperatures (30 -
40° C) coupled with different RH levels were found to be lethal for conidial 
viability of 8. bassiana. Since in the present studies, formulations were stored 
under dry conditions, might have resisted to the higher temperatures prevailed 
during storage at room temperature (17.90 - 36.70 to 24.85 - 41.70 °C). 
In B. brongniartii, survival period was almost at par with that of M. anisopliae, but 
the reduction in conidial viability was faster. Aregger (1992) also examined the 
effect of storage on 8. brongniartii conidia at 2°C and found that the number of 
viable conidia decreased over a period of two year. 
It is apparent from the studies that M. anisopliae conidia had the ability to 
survive for a prolonged period even at high temperatures, as compared to 
Beauveria spp. This suggest that M. anisopliae formulation can be stored for a 
considerable long period. It is therefore, imperative that storage conditions 
which increase the shelf life of a microbial insecticide should be identified and 
that routine determination of conidial viability in a laboratory should be 
performed before the formulation is applied in the field. 
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Bioefficacy against beetles 
Bioassay studies with fungal entomopathogens against adults (beetles) of H. 
consanguinea and M. insanabilis had revealed their effectiveness under 
laboratory conditions. Among them, an isolate of M. anisopliae (Ma-4) showed 
the highest infectivity to the beetles with median lethal time of 6.02 and 4.84 
days in respect of H. consanguinea and M. insanabilis when the adults were 
exposed to 7x107 conidia ml"1. Lobo - lima (1990) reported over 90 per cent 
mortality in adults of sweet potato weevil (Cylas puncticollis), when they were 
exposed to 5x107 conidia ml"1 suspension of M. anisopliae. This confirms the 
findings of present studies. According to Lacey et al. (1994) LT50 values for 
adults of Japanese beetle {Popillia japonica) was 4.2 days on exposure to M. 
anisopliae at the rate of 10 mg/100 beetles. Similarly, B. brongniartii and B. 
bassiana also caused considerable adult mortality in the present study. The 
results of S. bassiana were slightly different as compared to the findings of 
Lobo-lima (1990) and Lacey ef al. (1994), they found that B. bassiana was 
highly effective against adults of potato weevil and 8th Japanese beetle, 
respectively. 
The LT50 value for Japanese beetle was 3.1 days when exposed to 10 mg 
conidia of 8. bassiana per hundred adults (Lacey ef al., 1994) . Low efficacy of 
S. bassiana in the present case may probably be attributed to the different strain 
or different incubation temperatures during the study. 
Bioefficacy against grubs 
Bioefficacy of three entomopathogens viz., M. anisopliae, B. brongniartii and B. 
bassiana was tested against three larval stages of H. consanguinea and M. 
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insanabilis using three different closes of each pathogen with two inoculation 
methods i.e. insect inoculation and soil inoculation. In general, it was noted that 
time required for hundred per cent mortality as well as median lethal time were 
prolonged progressively with the advancement of larval stages, irrespective of 
method of inoculation and test insect species. The concentration of inoculum 
and time required for grub mortality were inversely correlated. 
Early mortality of M. insanabilis at a particular dose of inoculum of the pathogen 
could be due to high susceptibility of this species as compared to H. 
consanguinea. Similar observation have been reported by Moorhouse et al. 
(1993) that 5x108 conidia ml"1 dose of M. anisopliae caused 60 and 43 per cent 
mortality in Sikkimia japonica and Viburnum plecatum, respectively. 
In the present investigation, it was observed that M. anisopliae showed high 
virulence against the test insects than B. brongniartii and B. bassiana. The 
findings are in consonance of the results derived by Garcia et al. (1990) in case 
of Lissorhoptrus brevirostris. The mortality due to 8. brongniartii was almost 
comparable with that of M. anisopliae in all the instars and it was much higher 
than B. bassiana. The poor efficacy of B. bassiana over the former us in 
accordance with the findings of Shimzu (1994). The effectiveness of B. 
brongniartii has earlier been reported against H. consanguinea, H. serrata and 
M. nathani (Vyas et al., 1990 and against Rhizotrogous majalis (Krueger et al., 
1991). 
In insect inoculation method, median lethal time (LT50) required was 
comparatively less than it was required by soil- inoculation method for both, H. 
consanguinea and M. insanabilis. Early mortality in insect inoculation method 
may probably be due to direct contact of the pathogen with the cuticle of the 
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insects and similar observation were also recorded by Poprawski and Yule 
(1991) using M. anisopliae against Phyllophaga sp. Enhanced mortality with the 
increase in dose of inoculum is in accordance with the findings of Vimla Devi 
(1994) in case of Nomurea rileyi tested against Spodoptera litura on castor. 
Over 90 per cent mortality was achieved when high doses of M. anisopliae and 
B. bassiana were used against red-head cockchafer (Rath, 1989). 
Different kinds of fungal formulations like mycelial formulations, conidial 
formulations have been used by different workers, however, Aguda et a/. (1987) 
while evaluating different doses of dry mycelium and conidial suspensions of B. 
bassiana reported that dry mycelium preparations were as effective as that of 
conidial applications. Thus, present studies with conidial preparations of different 
entomopathogens are comparable with that of mycelial formulations used by 
other workers. 
It is apparent from the foregoing discussion that all the three fungal pathogens 
under test are potential candidates for microbial control of the whitegrubs . 
However, further investigations are needed for their formulations which could be 
effective under field conditions. 
Efficacy of B. popilliao dust formulation mixed in soil was tested against three 
larval stages of H. consanguinea and M. insanabilis. Milky disease symptoms 
started developing in second and third instars of both the insects after twenty 
days of grub release in artificially infested soil. But maximum infection was 
achieved after 30 days of inoculation. In the first instars, however, disease 
symptoms did not develop until 15 days of inoculation. This shows that either the 
bacterium (Bp) required more incubation period to develop in the body of the 
insect or the first instar larvae were not able to ingest the required amount of 
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inoculum. A high infectivity of 54-61 per cent at higher doses of inoculum 
(2.5x107 g'1 ) as compared to 19 -33 per cent at lower dose (2.5x106 g'1) 
indicate that an optimum level of inoculum was required for effective control of 
white grubs. Besides, there were several other factors such as density of larvae 
in the field (Fleming, 1968); pH (Beard, 1945); organic manures (Rao and 
Veeresh, 1988) and nutritional state of the larvae (Milner, 1981) which could 
affect the potency and development of milky disease bacterium. Yadava (1992) 
reported that B, popilliae applied as drilling in soil caused up to 46 per cent 
infection in H. consanguinea. Therefore, more information is needed on all of the 
factors influencing milky disease development and to use B. popilliae 
formulations to their fullest potential. 
SUMMARY 
Summary 146 
Four isolates of Metarhizum anisopliae referred to as Ma-1, Ma-2, Ma-3 
and Ma-4; three isolates of Beauveria bassiana as Bb-1, Bb-2 and Bb-3 
and one of Beauveria brongniartii as Bbr-1 obtained from dead grubs 
were identified and investigated for their morphological, cultural and 
pathogenic variabilities against white grubs {Holotrichia consanguinea and 
Maladera insanablis). 
Metarhizum isolates exhibited higher conidial germination in 5 per cent 
sucrose solution as compared to 2 per cent sucrose and distilled water 
and vice-versa in case of B. bassiana isolates. In 6. brongniartii, 
germination of conidia was almost the same in sucrose solutions and 
distilled water. Effect of different liquid and solid/agar media was studied 
on growth and sporulation of all the isolates. Response of different liquid 
media varied from isolate to isolate. In general, Richards', Sabouraud's 
and molasses yeast broth media were found better for growth of most 
isolates. However, for spore production, Sabouraud's and molasses yeast 
for Metarhizium and molasses yeast for Beauveria spp. were found out 
standing. In agar media also, higher sporulation was obtained on 
Sabouraud's and molasses yeast agar. Amongst the whole grain media, 
pearl millet, sorghum and maize grain media provided better sporulation 
in M. anisopliae, while cowpea and chickpea grain media showed 
superiority for sporulation in B. bassiana and B. brongniartii. 
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In general, temperatures of 28, 25 and 22°C were found optimum for 
sporulation in M. anisopliae, B. bassiana and 6. brongniartii, in vitro, 
respectively. However, growth of M. anisopliae was apparent even at 35 
and40°C. 
A RH level of 53 per cent maintained in desiccator had provided 
maximum growth on to Czapek's agar medium, whereas, pH levels of 6 
and 6.5 in molasses yeast broth were found most favorable for growth 
and sporulation for almost all the fungal isolates. 
On the basis of pathogenic ability, three most virulent entomopathogenic 
isolates, one each form M. anisopliae, B. bassiana and S. brongniartii 
which were referred to as Ma-4, Bb-3 and Bbr-1, respectively were 
distinguished. They took 4-7 and 3-8 days in causing 100 per cent grub 
mortality in H. consanguinea and M. insanabilis, respectively, using a 
standard laboratory technique. These isolates were further investigated 
for their bioactivity against two whitegrub species using different methods 
of inoculation. Their compatibility with commonly used chemical 
pesticides and interaction with certain soil fungi were also studied. 
Compatibility of all the three virulent isolates (Ma-4, Bb-3 and Bbr-1) 
tested against six fungicides and five insecticides revealed that Blitox -50 
(Copperoxychloride) and Azadirachtin (0.3% EC) were highly tolerant to 
Ma-4 and Bbr-1, whereas kavach, dithane M-45, ridomil, monocrotophos 
and chlorpyriphos were compatible only at lower concentrations, in vitro. 
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Bavistin (Cabendazim) proved inhibitory to all the pathogens. B. bassiana 
showed comparatively less resistance to various pesticides. 
Interaction of three entomopathogenic fungi with eight soil fungi, each 
independently in dual culture revealed that Penicillium sp. was a strong 
antagonist followed by Trichoderma viride and Rhizoctonia bataticola, 
suppressing the growth of all the test pathogens by 32-78 per cent. 
Aspergillus niger behaved as strong antagonist to Bb-3 only. On the 
contrary, some soil fungi (Fusarium spp.) were also antagonized 
(inhibited) by Ma-4 and Bbr-1. Bb-3, however could not affect the growth 
of soil fungi. Antagonism between three entomopathogens was also 
noted. Ma-4 suppressed the growth of Bbr-1 and Bb-3, while the growth 
of Bb-3 was also affected by Bbr-1 in dual culture. 
Ma-4, Bb-3 and Bbr-1 were mass multiplied on liquid as well as on solid 
(grain) media. Molasses yeast broth was selected as a liquid medium for 
all the three pathogens whereas, crushed maize grains for Ma-4 and 
cowpea whole grains for Bb-3 and Bbr-1 were used as solid media. After 
25 days of incubation, fungal biomass were harvested from their 
respective media, incorporated into talc powder (carrier) and formulations 
containing 4-5x108 conidia g"1 were prepared. On grain medium, rate of 
conidia production (Ma-4) was high (2x109 g"1) in mother culture as 
compared to molasses yeast broth (8x108 ml"1) medium. 
Bacillus popilliae was inoculated in the body of third instar of H. 
consanguinea grubs and after crushing the diseased grubs, spore 
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suspension of 7.5 x 108 ml"1 was obtained and then dust formulation of 
2.5x108 spores g"1 was prepared for using in bioassy experiments. 
Shelf life of the pathogens (Ma-4, Bb-3 and Bbr-1) in dust formulations 
stored at three different temperatures was determined. Ma-4 had the 
highest survival up to 180 days, followed by Bbr-1 (120 days) and Bb-3 
(90 days) when stored at room temperature (RT). However, population of 
Ma-4 and Bbr-1 declined quickly after 60 days and that of Bb-3 after 30 
days of incubation. 
Bioefficacy of Ma-4, Bb-3 and Bbr-1 was tested against beetles of H. 
consanguinea and M. insanabilis using insect as well as soil inoculation 
methods. Ma-4 and Bbr-1 took less time than the time taken by Bb-3 in 
causing 50 per cent mortality in both the whitegrub species. Insect 
inoculation method resulted rapid mortality (4.84 and 6.02 days) in 
comparison to median lethal time (LT50) by soil inoculation method (10.34 
and 16.92 days) with M. anisopliae (Ma-4). 
Susceptibility of H. consanguinea and M. insanabilis instars to all the 
three fungal pathogens (Ma-4, Bb-3 and Bbr-1), each with three different 
doses and two methods of inoculation (insect and soil) was investigated. 
The mortality period decreased with the increase in inoculum dose of a 
pathogen. M. insanabilis showed high susceptibility to all the three 
pathogens, taJ<ing less time to kill than H. consanguinea. M. anisopliae 
and B. brongniartii showed high ifectivity against both the insects, with 
LT50s of 3.85 -7.94 and 5.19 - 6.53 days, respectively when third instar 
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larvae exposed directly to their highest dose (5-5.8x108 conidia ml"1). 
Whereas, the time taken to 50 per cent kill by B. bassiana was 10.41 -
14.01 days at the highest dose of 6.5x108 conidia ml"1. In soil inoculation 
method, time required to 50 per cent kill (LT50) of third instar larvae was 
almost double than that of insect inoculation method. 
Milky disease symptoms appeared in 49-61 per cent second and third 
instar larvae of both white grub species when B. popilliae inoculum 
(2.5x107 spores g'1 soil) was applied through soil. Disease symptoms did 
not developed in first instar larvae. 
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